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l.o  INTRODUCTION  AND  SUMMARY 


1 . 1 Background 

The  display  of  data  from  a variety  of  sensors  having  different  data 
rates  and  formats  on  a common  indicator  has  always  been  attractive  and  has 
resulted  in  the  development  over  the  past  several  years  of  a progression  of 
multi-mode  display  systems  ranging  from  dual-persistence  cathode -ray-tubes 
to  direct  view  storage  tubes,  analog  scan  converter  tubes  and  digital  scan 
conversion  techniques.  Numerous  studies  and  applications  have  shown  that  a 
scan  conversion  function  along  with  a high  performance  television  compatible 
CRT  display  provides  the  best  potential  performance  and  flexibility.  How- 
ever»  experience  with  analog  scan  conversion  in  field  applications  has  dem- 
onstrated an  inherent  low  reliability,  poor  performance  and  high  cost  of 
ownership. 

Developments  in  digital  technology,  particularly  in  solid  state  mem- 
ories and  in  MSI/LSI  packaging  density  has  made  the  implementation  of  a 
totally  digital  scan  converter  a reality.  This  all  digital  mechanization  pro- 
vides an  inherent  improvement  in  reliability,  maintainability,  and  flexibility 
with  a significantly  reduced  cost  of  ownership.  Several  specific  designs  of 
digital  scan  converter/display  systems  for  particular  aircraft  systems  have 
already  been  proposed.  The  purpose  of  this  study  was  to  expand  the  specific 
design  concepts  to  a modular  scan  converter/display  system  which  would  be 
compatible  with  multiple  aircraft  configurations  including  both  current  sys- 
tems and  future  applications. 

Such  a modular  design  would  be  comprised  of  certain  core  modules 
which  would  be  combined  together  to  meet  the  requirements  of  various  exist- 
ing and  new  aircraft.  Also,  special  modules  unique  to  a specific  system  or 
mode  would  be  designed  as  required.  The  advantages  of  such  an  approach 
include:  lower  cost  of  ownership  due  to  minimized  new  system  development 
and  lower  maintenance,  spares,  and  training  costs;  increased  reliability 
over  existing  analog  systems;  adaptability  to  new  digital  display  and  proc- 
essing techniques. 

1 . 2 Study  Program 

The  modular  multi-sensor  display  system  (MMSDS)  study  program 
consisted  of  six  major  tasks: 

1.  A sensor  display  requirements  analysis  based  on  a survey  and 
tabulation  of  the  parameters  of  several  existing  or  projected 
Air  Force  avionics  sensor  systems. 

2.  An  evaluation  of  the  human  operator  characteristics  and  their 
effect  on  the  display  design  requirements. 
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3.  The  development  of  design  criteria  for  determining  the 
performance  of  a display  system  with  respect  to  the  sensor  and 
operator  characteristics. 

4.  The  evaluation  of  alternate  design  mechanizations  to  determine 
an  optimum  design  approach. 

5.  The  functional  design,  partitioning  and  detail  design  of  the 
MMSDS  core  and  special  modules. 

6.  An  analysis  of  the  application  of  the  MMSDS  to  a specific  avionics 
system  to  determine  the  cost  and  advantages  of  the  MMSDS 
design. 

The  structure  of  this  report  follows  the  task  organization. 

Volume  I is  dedicated  to  requirements  analysis  and  design  studies. 

Section  2.  0 (Volume  I),  Functional  Requirements,  documents  the  results 
of  task  1 and  2 and  provides  a complete  summary  of  the  sensor  parameters 
for  25  radar  and  electro -optical  systems  and  the  human  operator  character- 
istics in  terms  of  spatial  resolution,  dynamic  range  and  temporal  response. 
These  parameters  form  the  basis  of  the  MMSDS  design  requirements  and  are 
tabulated  in  Table  1. 

TABLE  1.  SUMMARY  OF  DISPLAY  SYSTEM 
FUNCTIONAL  REQUIREMENTS 

Display  Formats 
Radar 

Air-to-air  B-scan 

Ground  map  sector  PPI 

Expanded  sector  PPI 

Squinted  side  looking  strip  map 

High  resolution  ground  map  patch 

Air-to-ground  ranging 

Terrain  following  E-Square  scan 

Electro  -Optical 

Down  looking  line  scan  strip  map 
Air-to-air  IR  C-scan 

Forward  looking  infra-red  (FLIR)  raster 
Television  raster 
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(Continued  next  page) 


(Table  1,  continued) 

Sensor  Parameters 

Radar 

Range 

PRF 

Az/E1  Beamwidth 
Az  Scan  Limits 
El  Scan  Limits 
Scan  Rates  (Az  & El) 
Pulse  Width 
Video  BW 
Dynamic  Range 
Electro-Optical  (EO) 

TV  Bandwidth 

Dynamic  Range 

EO  Line  Scan  Rate 

Scan  Angle 

EO  Line  Scan  BW 

Number  of  Line  Scan 
Detectors 

Operator  Requirements 

Radar  display 

Active  Raster  Lines 

Pixels  per  Inch 

Dynamic  Range 

Gray  Scale  Quantization 

Average  Effective 
Luminance,  fL 

Phosphor  Color 

F rame  Rate 


1*0  - 200  n.  mi. 
300  - 5000  hz 
0.  5 to  10° 

±90° 

±60° 

50  to  250  deg/sec 
0*  1 to  2.  5 (j.sec 
0.  5 to  10  Mhz 
20  - 40  db 

■ - 25  Mhz 
40  - 100  db 
500  - 2000  Hz 
±60° 

Up  to  1 Mhz 
1 to  10 


-100  per  inch 
>50,  <100 
>10:1,  <1000:1 
- 2 bits  (4  shades) 

(n?/h«*“°n  luminance  <d“y). 

Green 
30  Hz 


(Continued 


next  page) 


Quantized  Display 

=100  per  inch 
>50,  <100 
>100:1,  <1000:1 
bits  (16  shades) 

>0.05  x adaptation 
luminance  (day), 

^0.1  fL  (night) 

Green 

30  Hz 

Section  3.0  (Volume  I),  Design  Performance  Criteria,  relates  the 
performance  requirements  to  the  mechanization  parameters  and  provides 
the  design  tools  necessary  to  evaluate  alternate  mechanizations  and  optimize 
the  design  approach.  Specific  mechanization  parameters  such  as  A/D  con- 
verter sampling  frequency,  memory  size  and  display  size  are  determined 
from  the  sensor  parameters  such  as  pulse  width,  range  scale  and  display 
format. 

Section  4.  0 (Volume  I),  Mechanization  Tradeoffs,  contains  the  major 
design  trade  studies  which  were  performed  to  determine  the  optimum  design 
approach.  Tradeoffs  were  made  in  five  major  areas:  1)  selection  of  dis- 

play sweep  formats,  2)  determination  of  basic  scan  converter  architecture, 

3)  selection  of  memory  tape,  size  and  structure,  4)  determination  of  digital 
scan  converter  controller  architecture,  5)  determination  of  optimum  symbol 
generator  configuration.  A summary  of  the  major  conclusions  arrived  at  as 
a result  of  the  tradeoff  studies  is  given  in  Table  2. 

Volume  II  of  the  report  is  dedicated  to  the  detail  module  design  and 
application  tradeoff  analyses.  The  detail  design  and  partitioning  of  the  core 
and  special  modules  based  on  meeting  the  requirements  are  presented  in 
Section  2.  0 of  Volume  H. 

Section  3.0  (Volume  n).  Applications  Analysis,  shows  how  the  "core" 
and  "special"  modules  are  configured  for  various  avionics  systems.  A com- 
parison of  three  display  systems  configured  for  the  A-7  aircraft  is  presented 
which  evaluate  an  analog  scan  converter /display,  a digital  scan  converter/ 
display  and  the  modular -multisensor  display  system  (MMSDS).  Physical 
parameters,  cost,  reliability,  and  maintainability  were  the  major  parameters 


(Table  1,  concluded) 

Operator  Requirements  (Continued) 
Electro-Optical  display 


Characteristics 

Active  Raster  Lines 

Pixels  per  Inch 

Dynamic  Range 

Gray  Scale 
Quantization 

Average  Effective 
Luminance,  fL 

Phosphor  Color 
Frame  Rate 


Analog  Display 

= 100  per  inch 
N.  A. 

>100:1,  <1000:1 
N.  A . 

>0.05  x adaptation 
luminance  (day), 

>0.  1 fL  (night) 

Green 

30  Hz 
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TABLE  2.  CONCLUSIONS  FROM  DESIGN  TRADEOFF  STUDIES 

• Display  all  video  and  symbology  in  a horizontal  television 
iormat. 


• Utilize  a data  bus  control  architecture  with  separate  memory 

integrator,  and  controller.  y 

• Use  MOS  random  access  solid  state  memory. 

• Use  microprocessor  type  controller,  programmable  to  provide 
mode  and  system  modifications, 

• Generate  symbols  in -raster  using  programmable  chain  type 
symbol  generator. 

1*  3 Recommended  Design 

• i The  results  of  the  system  design  and  application  analysis  indicates 

that  the  modular  multi-sensor  display  concept  does  provide  I lower  cost 
of  ownership  system.  The  recommended  design  is  shown  in  Figure  1 It 
consists  of  a digital  scan  converter  and  digital  symbol  generated hZth  nf 
which  operate  under  control  of  identical  microprocessor  controllers 
Changing  of  modes,  parameters  and  growth  are  achieved  by  reprogramming 
he  memory  portion  of  the  controllers  without  any  hardware  chLgL. 
reased  resolution  is  obtained  by  expanding  the  modular  display  refresh 

f}T\r*d\r  Vide°  in  -V  f°rmat  is  digitized,  processed  and  buffer 
stored  in  the  integrator  and  stored  in  the  digital  memory  Besides  the  ^ 

TvT/rui  u,t  scan  fvwe° can  ais° r„afdar 

TV  or  FLIR  video  can  be  frozen  for  more  detailed  viewing  Readout  of  the 

MsRe^i8  a?h.iev,ed  in  a 8tandard  television  raster  formal  providing  com- 
posite video  interface  and  easy  recording  on  video  tape.  The  modular  dis 

ty2  raste^of  fl£m  525  if® video  in  a horizontal  television 

ba^ed  on  the  rirTti  1023  lines.  The  display  CRT  module  is  selected 

instlllatioi  rAS°lution  required  and  the  physical  limitation  of  the  cockpit 
insta Nation.  A programmable  chain  type  symbol  generator  permits  the 

fhape  and  s^hol  repertoire  mix^d  in  the  TV 
Fnr,7n  M T 8rlgnalS  arC  accePted  Irom  either  the  standard  Air 

thr^a^sn'io!  Interface  System  (DAIS)  bus  MUX  interfaces  or 

facesgto  aPd?ittllinnerf^eiIT0dule8  desi8ned  to  convert  existing  system  inter- 
faces  to  a digital  parallel  format.  DAIS  is  the  Air  Force  advanced  conceDt 

o provide  a mission  flexible  total  information  management  system  consisP- 

"snecfi^1°dUlaJ  fub®y8tem8'  A summary  description  of  the  "core”  and 
special  modules  is  provided  in  the  following  paragraphs 
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1-3-1  Digital  Signal  Transfer  Unit  Core  Modules 


!•  Video  Receivers  and  A/D  - Buffers  and  translates  input  video 
and  syncs  to  digital  TTL  logic  levels. 

Integrator  and  Truncator  Memory  - Memory  module  used  with 
input  radar  video  processing  functions . 

3.  Integrator,  Peak  Detector  and  Truncation  Logic  - Processes 

input  radar  video  to  optimize  characteristics  of  digitally  sampled 
video. 

Cont roller  - Programmable  microprocessor  type  controller  to 
generate  all  mode,  built-in-test,  and  control  signals  to  both  the 
scan  converter  and  symbol  generator  functions.  Two  identical 
controllers  can  perform  this  function.  The  input  control  inter- 
face to  the  DAIS  is  also  provided  in  this  module. 

5*  Controller  Memory  - Storage  for  all  system  control  programs. 
Mode  and  system  parameter  modifications  can  be  made  by 
reprogramming  this  module. 

6*  pis  play  Refresh  Memory  - Modular  memory  for  storage  of  digi- 
tized radar  or  EO  video  and  symbology.  Basic  module  stores 
256  x 256  elements  and  contains  all  necessary  input  and  output 
logic. 

7*  Memory  Input  Address  Generator  - High  speed  logic  module 
commanded  by  system  controller  to  generate  memory  load 
address  sequences  as  a function  of  format, 

8-  Memory  Output  Address  and  Display  Sync  Generator  - Generates 
read  address  to  display  refresh  memory  to  provide  television 
raster  compatible  video.  Also  generates  standard  EIA  composite 
syncs . 

9*  Output  Video  Processing  - Performs  output  video  D/A  conver- 
sion, sync  and  symbol  mixing,  filtering  and  gamma  shaping  to 
optimally  match  the  display  CRT  transfer  function. 

10*  Clock  Generator  - Generates  all  necessary  system  clock  rates 
and  phases  under  command  of  the  system  controller. 

Symbol  List  Decoder  - Transforms  symbol  control  signals  to 
command  signals  to  the  symbol  chain  generators. 

Symbol  Chain  Generator  - Two  identical  X and  Y modules  gener- 
ate  X and  Y addresses  to  the  symbol  refresh  portion  of  the  Dis- 
play Refresh  memory. 
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Figure  1.  Partitioned  Modular  Display 
System 
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1.3.2  Digital  Signal  Transfer  Unit  Special  Modules 


!•  Non  DAIS  Interface  Module  - Converts  analog  signals,  synchro 
signals,  etc,,  to  the  digital  parallel  format  required  by  the 
MMSDS  system  controllers. 

2.  Special  Purpose  Clock  Generator  - Generates  variable  clock 
rates  to  perform  such  special  functions  as  ground  range  sweep 
correction  and  terrain  following  E4  displays. 

3.  Video  Processing  Module  - A histogram  equalization  module  is 
described  which  enhances  the  radar  video  display.  Other  video 
processing  modules  may  also  be  designed. 

4.  Out  of  Scan  Blanking  Module  - Generates  display  blanking  signal 
for  area  outside  the  limits  of  the  PPI  radar  scan  pattern. 

5.  Video  Aging  Module  - Allows  generation  of  variable  persistence 
type  of  display  presentation  on  multiple  frame  processed  air-to- 
air  search  display. 

1.3.3  Multi  Mode  Display  Core  Modules 

Video  Amplifier /Blanking  Module  - Receives  selected  composite 
video,  strips  off  syncs  and  drives  the  CRT  control  grid. 

2.  Horizontal  AFC /Deflection  Module  - Generates  horizontal  sweep 
signals  from  input  syncs  to  provide  525  to  1023  line  television 
raster. 

3.  Vertical  Deflection /Sweep  Fail  Module  - Generates  the  60-Hz 
vertical  deflection  signal  from  input  syncs.  Also  senses  sweep 
failure  and  blanks  display  to  prevent  CRT  damage. 

Dynamic  Focus /Horizontal  Linearity  Correction  Module  - 
Provides  dynamic  CRT  spot  focus  signal  as  a function  of  the 
beam  deflection  position.  Also  provides  correction  function  to 
insure  linear  deflection  over  the  entire  display. 

5.  High  Voltage  Power  Supply  - Generates  all  CRT  and  video  ampli- 
fier  voltage  forms.  Anode  voltage  adjustable  from  15  KV  to 
20  KV  depending  on  CRT. 

6*  how  Voltage  Regulator  - Regulates  voltage  from  power  trans- 
former and  rectifiers  which  are  discrete  components  mounted  on 
chassis.  This  module  can  also  be  used  in  Digital  Signal  Transfer 
Unit. 

BIT  Generator /Data  MUX  - Generates  internal  test  pattern  for 
display  in  CRT.  Module  outpits  are  checked,  failure  detections 
are  made  available  on  DAIS  interface  bus. 

„ 
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1>3.4  Multi-Mode  Display  Unit  Special  Module 


£RT  " Potted  CRT  assembly  with  magnetic  deflection  yokes.  Size 
depends  on  application. 

1 . 4 System  Applications 

The  MMSDS  design  was  applied  to  several  avionics  systems  to  deter- 
mine the  number  of  "core"  and  "special"  modules  required  in  each  system. 
The  results  of  this  analysis  is  tabluated  in  Table  3.  Each  system  uses  atl 
eleven  types  of  core  modules  and  various  number  of  memory  modules 
depending  on  the  resolution  requirements.  The  F-lll  systems  require  two 
complete  digital  scan  converter  channels  and  therefore  require  approxi- 
mately twice  as  many  logic  and  memory  modules  as  single  channel  systems. 
The  special"  modules  are  primarily  interface  modules  to  convert  the  input 
data  formats  to  compatible  digital  data  word  formats. 


TABLE  3.  MODULAR  APPLICABILITY  SUMMARY  TABLE 


1 

Digital  Signal  Transfer  Unit 

Multi  Mode  Display 

1 

Aircraft 

Core 

Modules 

Memory 

Modules 

Special 

Modules 

DSTU 

Total 

Core 

Modules 

Special 

Modules 

(CRT 

Only) 

Total 

Modules 

F-4  (C,  D 
& E) 

13 

4 

4 

21 

16 

2 

18 

F-106 

13 

2 

3 

18 

8 

1 

9 

A -7 

13 

4 

5 

22 

8 

1 

9 

F-lll  (A, 
D,  FB-111 
& B-l) 

26 

9 

8 

43 

16 

2 

18 

B-l  EAR 

26 

26 

3 

55 

16 

2 

18 

F-15 

13 

2 

2 

17 

8 

1 

9 

A study  was  made  of  the  application  of  the  MMSDS  to  the  A -7  avionics 
sensor  system  with  a DAIS  type  interface.  Four  alternate  display  systems 
including  an  analog  scan  converter  system,  discrete  digital  system  and  both 
an  LSI  and  MSI  modular  system  were  compared.  The  analog  system  include 
both  an  analog  scan  converter  and  symbol  generator.  The  discrete  digital 
design  was  an  optimal  digital  design  to  meet  the  requirements  of  the  specific 
A -7  application.  The  LSI  system  was  the  modular  design  partitioned  on  large 
2.  2 inch  diameter  bipolar  IC  wafer  and  hybrid  circuitry  modules.  The  MSI 
design  was  the  same  design  mechanized  with  MSI  and  SSI  integrated  circuits 
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mounted  on  printed  circuit  card  modules.  A detailed  cost  of  ownership 
analysis  of  the  alternates  was  conducted  whereby  the  cos*  components  were 
identified.  A reliability  analysis  was  also  conducted.  Both  the  LSI  and  MSI 
modular  signal  transfer  units  and  display  indicators  are  physically  described. 
The  results  of  this  trade-off  study  are  summarized  in  Table  4. 

TABLE  4.  SUMMARY  TRADEOFF  TABLE  ALTERNATE 
A -7/DIAS  DISPLAY  SYSTEMS 


Analog 

System 

Discrete 

Digital 

System 

Modular 

MSI 

Modular 

LSI 

Number  of  Modules 

N.  A. 

29 

34 

28 

Weight,  lbs 

65 

45 

47 

40 

Volume,  cu  ft 

1.  25 

0.  7 

0.  7 

0.  7 

Power,  watts 

290 

350 

403 

403 

MTBF,  hrs 

190 

765 

670 

1890 

MTTR,  hrs 

4 

1 

0.  5 

0.  5 

Maintenance 

Adjustments 

41 

6 

6 

6 

Relative  Cost  of 
Ownership 
(1st  System) 

1.  7 

1.0 

1.  1 

1.  0 

Delta  Ccst 
(2nd  System) 

1.  7 

1.0 

0.  8 

0.  7 

Delta  Cost 
(3rd  System) 

1.  7 

1.0 

0.  7 

0.6 

1 • 5 Conclusions  and  Recommendations 

The  cost  analysis  of  the  modular  system  indicates  a total  program 
savings  which  increases  with  each  successive  system  procurement  using  the 
modular  design  concept.  These  program  savings  can  be  further  increased 
with  improvements  in  maintenance  and  spares  provisions  that  take  advantage 
of  the  use  of  standard  modules  in  different  avionics  systems.  A key  feature 
that  '-ontributes  to  the  ct  st  savings  is  LSI  implementation  of  the  "core"  mod- 
ules. The  higher  reliability  and  lower  production  cost  of  LSI  leads  to  a sig- 
nificant program  savings  in  multiple  system  buys  where  the  LSI  development 
cost  can  be  amortized  over  several  systems.  A second  key  feature  of  the 
modular  system  concept  is  the  use  of  a programmable  microprocessor  to 
control  the  scan  converter  and  symbol  generator  functions.  This  enables 
adaptation  of  the  modular  display  system  to  different  avionics  system  by 
simply  reprogramming  the  microprocessor  controller. 

A two  step  development  of  the  mbdular  multi-sensor  display  system 
(MMSDS)  is  recommended.  The  first  step  would  be  the  design  and  fabrication 
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of  an  exploratory  development  model  (EDM)  utilizing  discrete  SSI  and  MSI 
digital  logic  elements  but  partitioned  into  LSI  compatible  functional  modules. 
This  EDM  would  serve  as  a vehicle  to  test  and  demonstrate  the  modular 
concept  and  to  evaluate  programming  functions  for  the  microprocessor 
controller.  Alternate  memory  sizes  could  be  mechanized  to  demonstrate 
various  resolution  systems  and  the  microprocessor  could  be  reprogrammed 
to  demonstrate  and  evaluate  the  flexibility  of  the  design.  It  would  also  pro- 
vide the  basis  for  the  second  stage  of  development;  the  design  and  fabrication 
of  LSI  and  hybrid  modules.  This  LSI  development  could  be  oriented  towards 
fabrication  of  the  "core"  modules  or  towards  fabrication  of  a production 
system  for  a specific  aircraft  application. 
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2.0  FUNCTIONAL  REQUIREMENTS 


2.  1 Int  roduction 

Sir.  Basra  adt,^^ 

ments*  symbol  generation”  r^Uire- 

ments  are  pret  nted  The  r«c,,n«,  emce’  &nd  physical  require- 

are  also  presented  in  this  section  Thil  °peyat?r  requirements  analysis 
order  to  insure  compatibilitv  wlth\hI  w*s  conducted  in 

range  and  tempo ra^fsponse  of  th.  h,,'P  1 resolution.  dynamic 

to  a large  extent  on  decent  . ‘S”*"  °Perator.  It  was  based 

displays8  Gnt  HUgHeS  laborat°ry  study  data  on  sampled  video 

2-2  gensor  and  Physical  Requirements 
2,2-1  Airborne  Radar  Sensor  Analysis 

processing  equipment  of  alrhor'n/ ' and  associated  signal/data 

in  missions,  aircraft  size  and  th/3*^8  ^‘de*y  because  of  differences 

was  procured.  Radar  systems  therefore1  techn°iogy  at  the  time  the  system 
mode  system  for  limited  rolT^  «ngle- 

mode  configurations  for  advanced  man’ned  airbort  Ve^pon .y^ms™'*1' 
Functional  Description  of  Radar  MnHn. 

.heir 


Forward  Sector  Ground  Map  (FSCM) 


direction  while’ tlansmiWng^nd  ^ceWtag".^?  n‘hi  SeC'°r  “ ‘he  forward 
pulse  repetition  frequencies  (prf)  which  -re  ? /f®  at  relatively  low 
range  information  at  the  selected  ranee  1 e|8ele^fe^  to  Provide  unambiguou 
amplitude  modulated  analog  signal  tra^n  r?'  Tfhe  resulting  video  is  an 
a function  of  range  (which  ?.  p?oportio  ”.l  to  the*.  r',lected  c”"gy  level 
transmission  and  echo  reception)  The 1 * j elapsed  time  between  pulse 
(in  real  time)  and  d.spUy^of  sLcL.;^0”''  ma»  is  generated  by  storage 
to  one  another  in  range  v^rfu.  azim.uh  r!n«e  8WeePa  Proper  relations 
indicator  (PPI,  forma®  is  UBed to ^oWd^' TV'  nof"'ally  a plan-posit™ 
orthogonal  range  versus  azimuth  (B-scm)  h,rma‘,“.  l *round  maP;  howev 
acceptabie  for  PSGM  operation  in  certain’o^'oI^^^Tnmnl  "Ily 
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scans  bi-directionally  (left  to  right  and  right  to  left)  at  scan  rates  that  varv 
depending  on  the  specific  radar  implementation  and  selected  range  scale  * 

theTnt  COVerari1f.  9electable  in  some  applications  positionable  within 
r a n g^  in”  e^rv  a l"  ° V oj^t  ion  a U m 

to  assure  adequate  ground  reJurn^n  t^ra^re'nte^'oTi^re^ 

iS^ 

definition  due  to  shadowing  at  low  grazing  angles  is  a potential  problemf. 

time  is  IihmiwTvt:r/lintr;al  iS  determined  bV  the  prf.  and  the  active  sweep 
ttae  "t  thT  speedyo/  liaHvl  f (reaUtjme  ‘—ay  transmission 

resolution  is  determined  by  the*  radar  ^\s™wid°h  * To*  The  range 

s^‘  to  , e levcl,  relaiivel/r0d“  j 

some  IXm&T  "pulT  '°r  ^ shor*  «•  -ed  for 

mlint^n  I ,hnrt  .ff  , compression  techniques  are  sometimes  used  to 

the  power  ^ 

p™t,  !«c*i%s„re 

:XlLZP™  20  a,zimuth  "«mP»«"  P-  resolution  ceU  ConventionaUv 
fuSoi  3!spl.*°  mteera,i°"  caPability  must  be  provided  in  the  modular  multi- 
. . The  video  bandwidth  for  FSGM  is  in  the  5 megahertz  category.  The 

ir:£f£n  m^' j^.d 

Known  de, erotic  r^ioTs^  S^XS^r 
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itADAR 


Modes 

Format 

Ground  Map  and  Air-to-Ground 
Sector  PPI 

Expanded  PPl 

Sidelooking  Strip  Mapping 

Jr 

High  Resolution  Ground  Map 

AZIMUTH  \/ 

Patch 

Doppler  Beam  Sharpened  PPI 

side  looking 

Air-Ground  Ranging 

HANOI J [ 

Alr-to-Air 

B-Scan 

i 

B-Scan  (Range  Rate) 

■ SCAN  y 

Acquisition 

range^ 

T rack 

AZIMUTH 

Low  Level  Flight 

ESCAN  - 

Terrain  Avoidance 

ELEVATION* 

Terrain  Following 

1 

RANGE 

HANOI 


HANOI 


Range  of  Parameters 


Ra*>f?e  0.  2 to  200  n.  mi. 

PRF  300  - 5000  hz 

Az/Ll  IJeamwidth  0.  5 to  10° 


Az  Scan  Limits 
El  Scan  Limits 


±90 


Scan  Rates 
(Az  h El) 


±60° 

50  to  250  deg/sec 


Pulse  Width 
Video  BW 
Dynamic  Range 


0.  1 to  2,  5 |iscc 
0.  5 to  10  MHz 
20  - 40  db 


Operator 
for  (J 


Active  Raster  L 
Pixels  per  inch: 
Dynamic  Range 
Cray  Scale  Quarl 


Average  effectiv 
luminance,  fL 


Phosphor  Color 
f rame  Rate: 


*The  luminance  t 


Mode* 


Infrared  Search  and  Track 
(IRST) 

EO  Line  Scan  (Laser  or 
IR) 

Forward  Looking  TV 
(T1SEO,  LLTV , TV  Weapon.) 

Forward  Looking  IR  (FLIR) 


ELECTRO-OPTICA 


F ormat* 


Range  of  Parameter* 


FLIH 

DISCOID 
(TV  HASTIHI 


FUR 

SCANNID 

MULTI- 

DITICTOH 

AHHAY 


TILS  VISION 
RASTER- 


TV  Bandwidth 
Dynamic  Range 
EO  Line  Scan 
Scan  Angle 
BW 

No.  of  Detector* 


5 - 25  MHz 
40  - 100  db 
500  - 2000  H 
±60° 

Up  to  1 MHz 
1 to  10 


Opera I 


z 


Active  Raster  Lines: 

Pixels  per  inch: 

Dynamic  Range: 

Cray  Scale 
Quantization: 


Average  Effective 
luminance,  fL: 


Phosphor  Color: 
Frame  Rale: 


4 


TABLE  5.  REQUIREMENTS 
SUMMARY 


Operator  Derived  Characteristics 
for  Quantized  Display 


Analog  Display 

Quantized  Display 

Active  Raster  Lines: 

*100  per  inch 

M00  per  inch 

Pixels  per  inch: 

N.  A. 

>50,  <100 

Dynamic  Range: 

>100:1,  <1000:1 

>100:1,  <1000:1 

Cray  Scale 
Quantization: 

N.  A. 

*4  Bits  (16 
shades) 

Average  Effective 
luminance,  fL: 

>0.  05  x adaptation 
luminance  (day), 
*%0.  1 fL  (night) 

>0.  05  x adaptation 
luminance  (day), 
20.  1 fL  (night) 

Phosphor  Color: 

Green 

Green 

F rame  Rate: 

30  Hz 

30  Hz 

Same  as  Radar 
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Auxiliary  signals  typically  provided  by  the  radar  to  the  display  include: 
azimuth  and  elevation  position  of  the  antenna  (angles,  sine/cosine,  direction 
cosines),  sweep  triggers,  video  gates,  antenna  scan  direction  and  turn-around 
signals  as  well  as  test  data.  The  gates,  triggers  and  video  are  typically 
transmitted  directly  to  the  display  — the  remaining  signals  may  be  routed 
through  other  elements  of  the  weapon  systems,  i.  e.  , a central  data  processor. 

Additional  data  — e.g.,  symbol  information  representing  prestored  target/aim 
point/fix  point  position,  scale  markings,  cursors,  etc.  — may  be  provided  by 
external  weapon  system  elements  for  use  in  conjunction  with  the  FSGM  display 
presentation. 

A special  display  feature  implemented  in  certain  FSGM  radar  systems 
is  the  sector  expand  mode  wherein  a portion  of  the  available  data  is  displayed 
and  expanded  around  a designated  terrain  feature  whose  image  remains 
stationary  on  the  display  on  successive  scans.  This  mode  provides  an  improved 
scale  factor  and  stationary  target  image  to  aid  the  observer  in  identification 
and  precision  designation.  Functionally  similar  display  capabilities,  e.  g.  , 
freeze  and  expand,  should  be  provided  in  the  modular  multi-sensor  display 
for  these  radar  systems. 

Air-to-Ground  Ranging  (AGR) 

There  exists  a variety  of  air-to-ground  weapon  delivery  techniques 
which  use  different  sets  of  inputs  and  equations  in  the  determination  of  steering 
guidance  and  release  solutions.  The  air-to-ground  weapon  delivery  accuracy 
can  be  improved  significantly  if  accurate  target  range  measurements  can  be 
made  just  prior  to  or  during  attack  runs.  Air-to-ground  radar  ranging  modes 
have  been  devised  to  provide  range  measurements  to  targets  designated  by 
the  aircrew  using  symbology  on  Head-Up  Displays,  Optical  Gun  Sights,  and 
Helmet  Mounted  Sights.  Typically  the  radar  operates  at  low  prf  with  the 
antenna  boresighted  or  driven  by  external  command  signals  (e.  g.  , computer, 
hand  control,  tracking  sensor).  Radar  range  along  the  line  of  sight  is  measured 
(continuously  or  at  discrete  commands)  and  transmitted  to  the  computer  for  use 
in  the  steering  guidance  and  weapon  delivery  computations.  Special  signal 
processing  may  be  used  to  determine  boresight  ranges  in  view  of  the  relatively 
large  beam  widths  that  are  available  and  relatively  high  side-lobe  levels  and 
altitude  returns.  The  antenna  is  essentially  stationary  during  air-to-ground 
ranging.  The  video  display  requirement  is  limited  to  presentation  of  the 
received  video  as  a function  of  range  at  the  (essentially  fixed)  antenna  azimuth 
position.  The  video  and  auxiliary  signals  are  signals  are  similar  to  the 
corresponding  FSGM  signals. 

Terrain  Avoidance  (TA) 

Terrain  avoidance  radars  provide  terrain  elevation  information  in 
addition  to  the  conventional  range  and  azimuth  data  of  FSGM  operation.  It  is 
generally  used  in  low  altitude  flight  to  determine  optimal  horizontal  maneuvers 
such  that  exposure  to  detection,  tracking  and  countermeasures  is  minimized. 

I mtm  ■ 

jk  PRECSDIKJ  PASS  BLANK-NOT  PUJOiD 


|ecVAr‘lb/8ic  TA  techniques  have  been  devised,  including  (a)  level  slicing  of 
FSGM  video  such  that  only  terrain  protruding  above  the  selected  clearance 
plane  is  displayed  and  video  received  from  points  below  this  plane  are  blanked, 
(b)  mixing  of  safe  clearance  symbol  and  bore-sight  range  tracking  pulses  (at  * 
a pre-set  depression  angle)  with  FSGM  video,  and  (c)  off-boresight  processing 
within  the  radar  beam  to  determine  terrain  elevation  as  a function  of  range 
intervals  and  azimuth  - a shades -of-gray  presentation  of  azimuth  versus 
elevation  with  discrete  range  intervals  coded  in  different  shades  of  gray  is 
typical  of  this  approach.  The  first  two  approaches  have  operating  character- 
istics  sunilar  to  the  shorter  range  FSGM  modes.  Display  operation  is  similar 

t°utheLjGM  Yith  th®  excePtion  of  added  blanking  signals  and/or  symbol  inputs 
Ihe  shades -of-gray  TA  technique  requires  storage  and  shades  of  gray  encoding 
of  range  intervals  as  a function  of  azimuth  and  elevation.  The  necessary 
processing  is  accomplished  on  every  radar  sweep.  The  number  of  range 
intervals  is  limited  to  between  five  and  ten.  Conventional  intensitv  modulated 
radar  video  is  not  provided. 

Terrain  Following  (TF) 


Terrain  following  radars  (or  modes)  provide  terrain  elevation  contour 
information  in  the  forward  direction  to  the  aircrew  and/or  to  the  flight  control 
system  for  steering  guidance  and/or  automatic  flight  control  in  the  vertical 
piane  in  order  to  maintain  a low  flight  profile  along  a planned  or  selected 
flight  vector.  The  radar  operates  in  a low  prf  mode  with  the  antenna  nodding 
through  a fixed  angle  in  the  vertical  plane.  The  radar  tracks  the  ground  at 
the  antenna  boresight  providing  an  output  signal  representing  range  as  a 
function  of  elevation.  The  TF  information  is  displayed  as  a range-to-ground 
versus  elevation  trace  in  orthogonal  coordinates.  The  range  dimension  may 
be  Imear  (E- scan)  or  exponential  (Ez-scan).  The  TF  video  signal  is  binary 
and  thresholded  (with  variable  thresholds).  In  addition  to  the  range-to-ground 
trace,  a template  representing  the  safe  clearance  plane  in  elevation  versus 
range  is  displayed.  This  template  is  used  as  a reference  for  manual  vertical 
maneuvers. 

The  TF  information  is  supplied  to  data  processing  equipment  which 
generates  vertical  steering  guidance  for  display  on  the  flight  instruments  (HUD, 
VbD).  They  may  also  be  used  directly  for  automatic  flight  control.  In  both 
cases  the  TF  display  is  required  for  monitoring  of  system  operation  and  rapid 
transition  to  manual  control  (when  necessary). 

Doppler  Beam  Sharpening  (DBS) 

Conventional  FSGM  systems  are  limited  in  azimuth  resolution  by  the 
antenna  beam  width  (1°  to  4°  typically).  Doppler  signal  processing  techniques 
have  been  developed  whereby  the  effective  beamwidth  can  be  reduced  by  an 
order  of  magnitude  or  more.  This  type  of  processing  requires  intermediate 
storage  and  correlation  of  radar  signals  over  a finite  period  of  time. 
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can  be  processed.  S^ithetic  video  is1”11*  t^f  jates  and  amount  of  data  that 
differ  from  the  "raw"  radar  signal  ronI°f-lded  t0  the  disPlay  at  rates  which 
are:  1/4°  effective  beam  width  +45°  azimu^h*^68'  Typical  DBS  parameters 
time,  50-  to  100-ft  range  ^soTuUon  and7!ni,COVerage'  U t0  2-sec°*d  frame 
be  positionable  out  to  50  n mi  ) No  beam  * ra«ge  coverage  (which  may 
since  no  doppler  effect  is  present  DBS  Wd  ®harpeiun8  J8  obtained  at  0°  azimuth 
sector  PPI  (or  offset  PPI)  vldeo  18  normally  displayed  as  a 


Ground  Moving  Target  Indicator  (GMTTI 


p r oc es  s ing°^M T iTInd  ^he r ent "on  r efveTopp?//  17° ^ ^ F*  Signal 
devised  to  distinguish  between  oppler  processing  have  been 

These  methods  require  intermediatTsig/fl6*8  ^ s*ationary  backgrounds, 
information  provided  to  the  display  is  nS  i^eaTti^e®'  r?Sulting 

is  the  same  as  for  FSGM;  however  range  re«  The  azunuth  resolution 

500  (or  less)  range  bins  VeTociw’rlsohff  ^°n  13  tyPically  limited  to 

achieved.  Output  video  is  biW  on  1 .u  aS  \°W  aS  five  knots  can  be 
off  elsewhere.  Scan  patterns  an/ rat  WhCn  ^ velocity  exceeds  threshold  and 
priate  timing  of  the  MTI  p ^rocessor^  7**  FSGM’  By  aPP™- 

velocity  returns  with  the  basic  FSGM  fLLit  as  a's/aL  4°  miX  the 

for  moving  targets.  ormat  as  a spatial  background  reference 

Side  Looking  Strip  Mapping  (SLR) 

reconnaissance;  h/wevtr*  advai^ed^6  ^ j develoPed  primarily  for 
are  currently  under  intensive  study  arTmT  d®llvery  concePts  based  on  SLR 
the  near  future.  y * may  be  “Produced  operationally  in 

angle  to  the  side^f  the  air^raff6"/^1^  3tablBzed  and  positioned  at  a fixed 
the  scanning  motion  of  the  beam  across  thTgro^T^et6  *iTCrm^  Provides 
fixed  in  elevation  and  shaped  to  provide  uniform  d'  ^ „beam  position  is 
SLR  systems  used  "brute-force"^ techniouef  to  ground  illumination.  Early 
beam  widths  of  1 degree  of  less  were  a/hitt^H  maxm?lze  azimuth  resolution  - 
and  data  rates  were  similar  to  the  FSTM  h d U8lng  1VgB  antennaa-  Prf's 
up  in  line-by-line  (range  sweep  bv  * disPlay  frame  was  built 

long  term  display  video  storage  or  recording*** J P°8ltlon  requiring  relatively 
in  100  ft  or  better  range  resofution  LA  d ^ulae  comPression  resulting 
techniques  were  added  for  MTI  processing1**  °ye  * Belay  line  cancellation 

relatio/rt ! W’arr/£.PvMCr“‘“8’  “volv“8  intermediate  storage  and  cor. 
antenna  may  be  squinted  at  variou°V1  **  Very  resolution  strip  maps.  The 
from  1/2  toy20  "wLdo^s"  varying 

near  0 to  .00  n.  mi.  Synthetic’ 
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display  at  rates  which  are  limited  by  specific  processing  techniques  which 
are  used  in  their  generation.  The  rates  are  typically  slower  than  for  "brute- 
force"  radars.  Pulse  compression  techniques  are  used  to  provide  approxi- 
mately matched  range  and  azimuth  resolution. 

The  forward  motion  of  the  aircraft  provides  the  azimuth  (scan)  for 
SLR.  Hence,  the  frame  time  is  a function  of  aircraft  speed  and  coverage. 

For  example,  a 10-mile  square  frame  would  require  1.  7 minutes  to  build  up 
at  an  aircraft  speed  of  Mach  0.6.  A "passing  scene"  presentation  similar  to 
a recorded  strip  map  is  desired  for  SLR  to  provide  geometric  continuity  and 
natural  orientation. 

A further  refinement  of  synthetic  array  SLRs  is  the  tracking  telescope 
(TTS)  which  provides  discrete  frames  of  synthetically  processed  radar  video 
around  a designated  ground  point.  This  is  accomplished  by  repositioning  of 
the  antenna  between  frames  and  use  of  the  aircraft  motion  to  sweep  it  across 
the  target  for  a sufficiently  long  interval  to  collect  and  process  a full  frame  of 
high  resolution  imagery.  Display  interfaces  are  similar  to  the  strip  mapping 
modes  with  the  exception  of  usually  smaller  frames,  e.  g.  , l/4  to  2 miles 
(and  corresponding  frame  intervals),  and  stepwise  azimuth  rotation  of 
successive  frames. 

Appropriate  symbols  are  added  to  SLR  and  TTS  for  target  designation 
and  position  measurements.  The  required  signals  are  provided  by  data 
processing  equipment. 

Air-to-Ajr  Search  and  Track  (A/ASTR) 

There  exists  a wide  variety  of  air-to-air  fire  control  search  and  track 
radars.  Conventional  low  prf  search/track  radars  have  display  interface 
parameters  similar  to  FSGM  radars.  They  generally  employ  multi-bar  ele- 
vation search  patterns.  Their  presentations  are  usually  B-scans  with  inten- 
sity modulation  of  the  video;  A-scan  (amplitude  versus  range)  and  C-scan 
(elevation  versus  azimuth)  formats  have  also  been  used.  Pencil  beams  in  the 
2 to  5-degree  beam  regions  are  used.  In  general,  the  search  scan  limits  and 
coverages  are  wider  for  A/A  radars  (or  A/A  modes)  than  for  FSGM. 

Air-to-air  ranging  modes  are  provided  for  short  range  air  combat. 

The  antenna  may  be  nutated  to  provide  broader  coverage  than  the  real  beam 
width.  Its  line  of  sight  may  be  boresighted  or  driven  by  computer  inputs  (to 
maintain  target  "illumination")  or  alternate  tracking  sensors. 
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argeJ  acclulsition  and  closed  loop  range  and  angle  tracking  are  integral 
capabilities  of  most  fire  control  radars.  Logic  and  control  capability  are  * 
provided  for  manual  positioning  of  the  antenna  (or  small  scan  patterns)  in 
azimuth  and  elevation  and  target  designation  with  a range  gate  (1  to  5 ^seconds) 
followed  by  activation  of  tracking  circuits.  When  sufficient  energy  is  detected 
within  the  gate,  closed-loop  tracking  begins  and  is  maintained  until  the  target 
return  is  lost  or  return-to- search  is  initiated  deliberately.  The  video  pres- 
entation in  the  tracking  mode  is  similar  to  air-to-ground  ranging(AGR) with 
the  exception  that  the  display  sweep  tracks  the  target's  position.  The  range 
gate  and  other  auxiliary  symbols  may  be  mixed  with  the  radar  tracking 
presentation.  6 


u-  /^dvanced  radar  systems  have  been  developed  which  operate  at  medium 
and  high  prf's  providing  air-to-air  moving  target  capability  in  search  and  track 
and  very  high  clutter  rejection  capability  in  look-down  as  well  as  look-up 
modes.  Intermediate  processing  techniques  are  used  providing  thresholded 
hit/rmss  video.  These  signals  are  provided  to  the  display  at  slower  rates  than 
the  ' raw  range  sweeps. 

In  high  prf  radars  the  basic  coordinates  are  range  rate  versus  azimuth, 
typically  500  doppler  filters  are  used  with  an  output  rate  of  1.  5 milliseconds 
per  range  rate  sweep  and  8 millisecond  period.  The  display  format  is  range 
rate  versus  azimuth  (B-scan).  Special  coding  techniques  (e.  g.  , FM  modulation) 
are  used  to  provide  data  necessary  for  range  determination.  Thresholded  radar 
signals  may  be  provided  to  data  processing  equipment  for  automatic  correlation, 
association  and  extrapolation  in  a track-while-scan  mode  (TWS).  Radar  data 
processor  outputs  are  displayed  symbolically  as  observations  and/or  track 
files  in  I PI  tactical  display  formats. 

Scan  patterns  and  scan  rates  of  doppler-processed  air-to-air  radars 
are  similar  to  those  of  conventional  radars;  acquisition  and  tracking  modes 
are  also  similar. 

The  Effect  of  Radar  Characteristics  on  MMSD  Design 

. T^e  design  of  the  MMSD  must  accommodate  the  full  spectrum  of 
airborne  radars.  The  first  step  in  the  requirements  analysis  process,  there- 
iore,  is  to  identify  the  radar  systems  of  interest.  Table  6 lists  the  aircraft 
and  radar  equipment  considered  in  this  analysis.  A detailed  tabulation  of  these 
radar  parameters  and  a listing  of  the  documents  from  which  they  are  obtained, 
are  provided  in  Volume  III. 


T^e  intent  oi  this  analysis  is  to  identify  those  sensor  characteristics 
and  parameters  that  have  a direct  and  significant  impact  on  multi-sensor 
display  system  design.  Of  particular  interest  are  the  radar  performance 
paiameters  that  effect  the  size  or  configuration  of  the  digital  scan  converter 
memory,  digital  data  rates,  integrator  characteristics  and  display  resolution 
requirements.  Table  7 is  a list  of  significant  radar  parameters  and  an  assess- 
ment of  their  probable  impact  on  the  design  of  the  multi-sensor  display  system. 
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TABLE  6.  RADAR  EQUIPMENT  LIST 


USAF  Aircraft  Radar  Equipment 


F-  106,  F-106A 

MA-1,  AN/ASQ-25 

A-7D 

AN/A  PQ- 126 

F-4C 

1 

AN/APQ- 1 00 

F-4D 

AN/APQ-109 

F-4E 

AN/APQ- 120 

F-111A 

AN/APQ  113,  110 

F-111D 

AN/APQ  130,  128 

FB-1I1 

AN/APQ  114,  134 

F-  15 

AN/APG-63 

B-l  (AMB) 

AN/APQ- 144,  146 

B- 1 EAR 

Electronically  Agile  Radar 
(EAR) 

F-5E 

APQ-153 

TABLE  7.  RADAR  PARAMETERS  AFFECTING  DISPLAY 

SYSTEM  DESIGN 


Parameter 


Video  Type;  Analog 
or  Digital 

Range  Scales 


Pulse  Width  (PW) 


PRF 


Antenna  EL 
Beam  Width  (BW) 


Antenna  AZ 
Beam  Width  (BW) 


Antenna  AZ 
Scan  Rate 


Antenna  EL 
Scan  Rate 

Antenna  AZ 
Scan  Angle 


Impact  on  Display  System  Design 


- Defines  requirement  for  video  A/D. 


- Radar  range  establishes  memory 
requirements. 


- Memory  Size  depends  on  resolution, 
range. 


- PRF  together  with  antenna  azimuth 
beamwidth  (BW)  and  antenna  scan 
rate  affects  video  integration 
requirements. 

- Antenna  EL  BW  and  number  of 
elevation  bars  determine  number 
of  elevation  angle  samples  per 
elevation  scan  angle  (TF  modes) 

Azimuth  BW  and  azimuth  scan  angle 
determine  number  of  azimuth  resolu- 
tion samples. 


- Azimuth  Scan  rate  together  with  PRF 
and  azimuth  BW  determine  azimuth 
angle  sampling  rate. 

- Also  effects  integrator  design. 

- Limited  impact  for  TF  scans. 


Azimuth  scan  angle  together  with 
antenna  azimuth  BW  determine  the 
number  of  azimuth  resolution  samples 
required. 


(Continued  next  page) 
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Table  7,  concluded 


Parameter 


Impact  on  Display  System  Design 


Antenna  EL 
Scan  Angle 


- For  TF,  scan  presentations  determines 
memory  requirements. 


Video  SNR 


- Affects  Integrator  Design. 


Video  Dynamic  - Affects  A/D  converter  requirements. 

Range  memory  size,  quantization. 


F ormats 


- Major  impact  on  timing  and  control, 
memory  addressing. 


Number/Size  - Affects  cockpit  installation. 

Displays 


Symbol 

Requirements 


- Determines  symbol  generator  technique 
and  design. 


Interface 


Defines  receiver,  registers,  and 
buffer  requirements. 


2.2.2  Airborne  Electro-Optical  Sensor  Analysis 

Airborne  electro-optical  sensor  systems  vary  widely  in  their  capabi- 
lities, complexity,  and  technologies.  Included  in  the  airborne  electro-optical 
sensors  are  the  IR  line  scanner  (IRLS),  the  IR  Search/Track  Set  (IRST), 
Forward  Looking  IR  (FLIR),  and  television  (Low  Light  Level  TV  (LLLTV), 
Guided  Weapon  TV,  and  TISEO  (Target  Identification  Sensor  EO)).  Electro- 
optical  systems  operate  in  the  visual  or  IR  regions  of  the  electromagnetic 
spectrum  and  are  passive  systems. 

IR  system  development  is  characterized  as  a high  technology  area 
that  is  undergoing  rapid  technological  advances --especially  in  the  development 
of  high  bandwidth  detection  devices,  fast  FOV  scanning,  and  modularization. 
Despite  continuing  technological  advances,  several  generic  types  of  EO 
systems  have  evolved  and  have  become  well  established  by  virtue  of  high 
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volume  operational  use.  A description  of  the  broad  classifications  and  use 
of  these  sensors  is  provided  in  the  following  paragraphs. 

Forward  Looking  IR  (FLIR) 

Typical  FUR  sensors  use  multi-cell  detector  arrays  which  are 
optically  scanned  at  very  high  rates  across  the  field  of  view  such  that  the 
instantaneous  signal  level  of  each  cell  is  indicative  of  the  received  energy 
within  its  spectral  region  from  the  corresponding  azimuth  and  elevation 
position  in  object  space  (the  scene  seen  through  the  IR  window).  The  signal 
level  of  each  cell  is  preamplified  and  further  processed  to  provide  a direct 
display  or  more  typically,  converted  to  a TV  format  for  use  on  a standard 
TV  monitor.  The  detector  arrays  are  normally  arranged  vertically  and 
scanned  horizontally.  They  are  shifted  vertically  by  one-half  cell  space  on 
alternate  horizontal  scans  to  provide  an  interlace  pattern.  Sensor  arrays 
containing  several  hundred  cells  have  been  developed;  however,  since  the 
number  of  cells  is  a major  determinant  of  FLIR  sensor  cost,  the  number  of 
cells  used  in  operational  equipment  is  limited,  as  a practical  matter,  to  that 
which  provides  minimum  acceptable  image  quality. 

A wide  range  of  fields  of  view  with  both  square  and  ^rectangular  aspect 
ratios  (3:4  and  2:4)  are  used.  Fields  of  view  vary  from  l/2°  to  upward  of 
20  . Two  (or  more)  discrete  fields  are  normally  provided  for  search  and 
precision  track/identification  capability,  respectively;  continuous  zoom 
capability  is  possible.  Typical  magnification  ratios  between  narrow  and  wide 
fields  of  view  vary  from  3x  to  6x.  The  horizontal  scan  rate  (i.  e.  , field  rate) 
is  generally  60  per  second  with  some  designs  as  low  as  15  per  second. 
Horizontal  scan  efficiency  varies  from  60  to  90  percent.  Usually  the  horizontal 
scan  is  undirectional;  however,  b:directional  scanners  have  been  developed 
(with  nonlinear  scan  rates).  Resolution  varies  from  l/8  milliradian  to  upward 
of  2 milliradians  depending  on  field  of  view,  optics,  detector  cell  arrangement 
and  signal  processing. 

The  sensor  assembly  is  mounted  on  a stabilized  gimbal  system  which 
provides  pointing  and  tracking  capability.  Gimbal  orders  and  limits  vary. 
Typical  gimbal  limits  cover  the  frontal  area  from  +5°  to  -35°  in  elevation 
and  + 20°  to  -20°  in  azimuth;  in  some  configurations  the  gimbal  ranges  extend 
through  90  to  permit  target  tracking  for  weapon  guidance  through  impact. 

The  FLIR  video  is  suitable  for  video  tracking;  in  fact  advanced  FLIRs  have 
automatic  tracking  capability.  In  those  designs  in  which  the  FLIR  format  is 
converted  to  a standard  TV  format,  a conventional  TV  tracker  can  be  used 
and  shared  with  TV  sensors  (where  FLIR/TV  sensor  combinations  are  used). 
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The  FLIR  signals  available  at  the  output  of  the  detector  cells  are 
processed  in  various  ways  to  produce  a displayed  image.  One  direct  display 
technique  ties  each  detector  cell  to  a light  generating  cell  (plasma,  glow 
tubes,  electroluminescence,  light  emitting  diode)  such  that  the  light  output 
is  modulated  directly  by  the  detector  cell  signal.  The  light  generating  cells 
are  arranged  in  an  array  similar  to  the  detector  cells  and  scanned  horizontally 
in  synchronism  with  the  detector  array  to  produce  the  apparent  raster  image. 
This  image  may  be  viewed  directly  through  suitable  optics.  Alternatively, 
it  may  be  viewed  by  a television  camera  whose  output  is  a conventional  TV 
format  which  may  be  displayed  on  standard  TV  monitors  (and  recorded  on 
TV  video  tape  recorders).  An  alternate  direct  display  technique  involves 
multiplexed  sequential  sampling  of  the  vertical  detector  array  (at  a rate 
consistent  with  the  desired  resolution)  to  pioduce  a serial  video  train  in  a 
vertical  raster.  The  display  image  frame  is  generated  by  modulation  of  a 
synchronous  vertical  raster  on  a CRT.  Typical  multiplex  frequencies  are  in 
the  10  to  30  megahertz  region.  Appropriate  synchronizing  signals  and  video 
gates  are  provided  to  the  display.  The  multiplexed  video  may  be  written  into 
a double-ended  storage  tube  and  read  out  in  a standard  TV  raster  for  display 
on  conventional  TV  monitors. 

Finally,  a third  scan  conversion  system  exists  in  which  the  multi- 
plexed video  is  displayed  directly  on  a small  CRT  in  a vertical  raster  format 
which  is  viewed  by  a conventional  TV  camera.  Typical  scan  converted  FLIR 
formats  are  standard  525  line  and  875  line  TV  rasters  which  provide  a con- 
ventional horizontal  raster  output.  In  general,  some  loss  of  image  quality 
occurs  whenever  FLIR  video  is  scan  converted,  particularly  by  analog  tech- 
niques. The  dynamic  range  of  FLIR  detector  signals  is  generally  above 
40  dB  with  60  to  70  dB  typical.  Non-linear  processing  is  sometimes  used  to 
match  the  transfer  characteristics  to  the  available  dynamic  range  of  the 
display. 

The  DISCOID  FLIR  concept  is  a recent  development  which  generates 
IR  imagery  directly  in  a standard  horizontal  TV  raster.  In  the  DISCOID 
approach  a short  horizontal  detector  array  is  scanned  through  a TV  raster 
(left  to  right,  top  to  bottom)  by  rotating  optical  elements.  The  output  signals 
of  the  detec  or  cells  are  integrated  with  appropriate  time  delays  to  produce 
a serial  video  train  representing  IR  signal  intensity  at  each  raster  point. 

Video  integration  is  required  to  produce  the  necessary  effective  sensitivity. 
Developmental  DISCOID  scanners  with  frame  rates  of  15  per  second  and  inter- 
lace patterns  of  2:1  and  4s  1 have  been  built.  Standard  525  line  TV  raster 
operation  with  2:1  interlace  and  30  frames  per  second  is  projected  for  the 
ne*r  future  DISCOID  type  FLIR  sensors  are  under  development  for  missile  » 
guidance  seekers.  Since  most  FLIRS  are  already  scan  converted  and  new 
FLIRS  will  oe  read  out  in  a TV  format,  it  is  not  reasonable  to  require  digital 
scan  conversion  in  the  MMSDS  system. 
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IR  Line  Scanners  (IRLS) 


Downward  looking  IR  line  scanners  provide  high  resolution  strip  maps 
by  scanning  a detector  cell  or  array  across  the  flight  path  and  recording  the 
resulting  video  on  film.  Scan  rates  of  1000  lines  per  second  are  typical. 

Frame  time  varies  as  a function  of  coverage  and  aircraft  speed;  10  seconds 
is  a typical  frame  interval.  Sensor  coverage  across  track  is  in  the  ±70° 
range.  Resolution  is  in  the  vicinity  of  one  miiliradian  (or  1000  to  1500 
elements  per  frame  dimension).  The  basic  dimensions  of  IRLSs  are  along- 
track-distance  versus  cross  track  angle.  Image  distortion  results  from  this 
format  — rectification  is  possible  by  appropriate 'display  mechanization. 

Scan  Conversion  is  required  to  store  a line  at  a time  and  read  it  out  in  a 
TV  format. 

IR  Search/Track  Set  (IRST) 

Air-to-air  IRSTs  operate  similar  to  FLIRs;  however,  the  sensor 
arrays  are  limited  to  between  two  and  eight  detector  cells,  and  the  azimuth 
scan  rate  is  on  the  order  of  100°/sec.  Multiplexing  of  the  detector  array 
is  accomplished  at  a sweep  rate  of  about  40  microseconds.  The  detector 
output  signals  are  displayed  as  intensity  and/or  amplitude  modulated  cell 
traces  in  a C-acan  format  (elevation  versus  azimuth).  Typical  resolution  is 
1 miiliradian.  Multi-bar  scan  patterns  similar  to  those  of  air-to-air  radar 
search  patterns  are  provided.  The  number  of  sweeps  per  bar  depends  on  the 
azimuth  coverage.  Typical  maximum  values  are  around  2000  sweeps  per 
bar.  Azimuth  expansion  is  required  when  maximum  target  discrimination 
capability  is  needed.  IRST  video  is  intensity  modulated  above  an  operator- 
controlled  threshold  level.  Scan  Conversion  is  required  to  display  IRST  video 
in  a TV  format.  Audio  tone  signals  are  provided  as  a supplement  to  the 
visual  IRST  display  presentations. 

Television  (TV) 

Airborne  T\  sensors  have  been  developed  for  long  range  target 
identification,  precision  tracking  (using  gated  video  trackers),  missile 
guidance,  low  light  level  observation  of  terrain  for  purpose  of  flight  con- 
trol,  general  orientation,  target  detection,  acquisition,  tracking,  identifica- 
tion and  weapon  delivery.  Functionally,  TV  is  similar  to  FLIR;  however, 
its  performance  at  low  light  levels  is  more  limited.  TV  images  are  generally 
more  readily  interpretable  due  to  the  sensor  response  in  the  visible  region. 

Several  television  scan  standards  have  been  defined.  The  most  common 
is  the  525  line  raster  with  30  frames  per  second,  2:1  interlace  and  a 3:4  frame 
aspect  ratio.  Variations  of  the  standards  include:  525  line  square  rasters 
(missile  televisions;  e.  g.  , Walleye,  Maverick,  Condor),  787  line  raster, 

875  line  raster  and  up  to  1200  line  rasters.  Video  bandwidths  vary  from  5 
to  20  megahertz  depending  on  the  raster  formats.  Dynamic  range  of  the  video 
is  generally  in  excess  of  24  dB  with  30  dB  typical.  The  effective  resolution 
of  the  TV  sensors  is  generally  considerably  lower  than  that  implied  by  the 


number  of  raster  lines.  Typical  resolution  for  525  line  rasters  is  in  the 
300  line  range  and  high  resolution  TV's  provide  600  to  800  lines  of  resolution 
(with  approximately  1000  line  rasters).  The  effective  resolution  of  low  light 
TV  (LLTV's)  varies  with  light  levels.  LLTV  systems  can  provide  300  to 
800  lines  under  relatively  high  levels  but  may  be  limited  to  100  to  200  lines 
under  extremely  dark  conditions. 

Synchronizing  signals  may  be  provided  by  the  TV  with  the  video 
(composite  video)  requiring  sync  separation  in  the  display,  or  they  may  be 
transmitted  on  separate  lines.  TV  cameras  may  also  be  controlled  by 
external  sync  signals  provided  by  the  display,  data  processor  or  other  air- 
borne sensors  (e.  g.  , FLIR). 

TV  fields  of  view  vary  from  l/2°  (television  sight  unit  for  long  range 
target  identification)  to  larger  than  40°.  TV  sensors  are  gimbaled  and 
stabilized.  Video  tracker  capability  and  slaving  to  other  tracking  sensors 
are  typically  included  in  the  TV  system  design. 

TV  systems  have  been  devised  which  use  pulsed  lasers  for  illumination 
of  the  object  space.  Typical  laser  pulse  frequencies  are  in  the  10  to  15  pulse 
per  second  range;  consequently,  illumination  is  intermittent  relative  to  the 
standard  60  fields  per  second  display  refresh  rate  required  for  normal 
flicker-free  TV  operation.  Video  storage  in  the  TV  or  display  system  is 
required.  Standard  TV  formats  and  rates  apply. 

The  Effect  of  EO  Sensor  Characteristics  on  MMSDS  Design 

The  basic  types  of  EO  systems  described  above  as  well  as  the  more 
promising  advanced  system  types  or  configurations  are  included  in  the  analysis 
of  EO  sensor  parameters.  Table  8 indicates  the  EO  sensors  that  are  analyzed 
as  part  of  the  multi-sensor-display  analysis.  A detailed  tabulation  of  the  EO 
sensor  parameters  is  provided  in  Volume  III.  The  sources  from  which  these 
data  were  developed  are  given  in  Appendix  A. 

The  object  of  the  EO  sensor  display  analysis  is  to  identify  the  EO 
sensor  characteristics  and  parameters  that  have  an  impact  in  the  design  of 
the  multi-sensor  display  system.  Of  special  concern  are  the  EO  sensor 
performance  parameters  that  dictate  the  use  of  digital  scan  conversion. 

Table  9 presents  a listing  of  pertinent  EO  sensor  parameters  that  are  analyzed 
for  their  possible  impact  upon  the  design  of  the  multi-sensor  display  system. 

It  is  concluded  from  this  analysis  that  digital  scan  conversion  is 
required  for  IRLS  and  IRST  sensor  modes.  However,  most  operational  FLIR 
systems  are  already  scan  converted  to  a TV  format  and  the  trend  in  future 
FLIR  systems  is  to  provide  a direct  TV  scan.  Therefore,  scan  conversion 
is  not  required.  However,  freeze  capability  of  all  or  a part  of  the  field  of 
view  (FLIR  or  TV)  is  desirable.  Existing  FLIR  analog  scan  converters  do 
not  possess  the  freeze  capability  and  direct  TV  sensors  cannot  be  frozen. 
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TABLE  8.  EO  SENSOR  LIST 


EO  System 
Type 

EO  Sensor 
Equipment 

Airborne  V ehicle 
Application 

1RLS 

AN/AAS-18 

RF4-B,  4-C,  4-E 

IRST 

MA-1,  AN/ASQ-25 

F106-A,  -B 

FLIR 

AN/AAR-37 
NARBS  FLIR 

A-7E,  P-3 
Light  Attack  (A -10) 

T elevision 

LLLTV,  TISEO,  Walleye, 
and  Maverick  - covered 
by  EIA  STD  RS  170  or 
RS  343 -A 

, Varied 

TABLE  9. 

EO  PARAMETERS  AFFECTING  DISPLAY 
SYSTEM  DESIGN 

Parameter 

Impact  on 

Display  Design 

F ormat 

Standard  TV  format  sensors  require  freeze 
capability,  non-TV  format  sensors  require 
scan  conversion. 

Resolution 

Affects  memory  size 
or  freeze. 

either  for  scan  conversion 

Dynamic 

Range 

Affects  memory  size 
ments. 

, A/D  converter  require- 

Aspect  Ratio 

Affects  display  format. 

Scan  Rates 

Affects  address  generation  requirements. 

Since  a television  sensor  is  already  in  a television  raster  format, 
scan  conversion  is  not  required  and  the  video  can  be  displayed  directly  on 
the  monitor.  However,  it  is  desirable  to  provide  a freeze  mode.  This  is 
particularly  desirable  for  both  TV  and  FLIR  when  the  ratio  of  velocity  to 
altitude  is  so  high  as  to  result  in  a smeared  display.  However,  it  should  be 
noted  that  a single  stored  and  displayed  field  will  suffer  a loss  in  S/N  since 
frame  to  frame  integration  of  the  camera  tube  and  eye  are  not  experienced. 
The  MMSDS  should  be  designed  to  provide  this  freeze  capability,  but  further 
study  is  recommended  in  order  to  determine  its  actual  usefulness. 
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2*2.3  Symbology  Requirements 


In  addition  to  the  sensor  video,  the  MMSDS  must  also  generate  and 
display  symbology.  This  includes  symbology  for  flight,  terrain  avoidance, 
navigation,  target  search,  weapon  delivery,  and  other  functions.  The  sym- 
bology requirements  vary  widely  for  the  aircraft  and  avionics  systems 
covered  by  this  study.  The  optimum  repertoire  and  symbol  shape  is  con- 
tinually being  updated  to  provide  optimum  performance.  This  is  confirmed 
by  the  recent  revisions  in  MIL-STD-884  (A,  B.  C).  This  standard  is  a joint 
Air  Force,  Army,  Navy  attempt  to  standardize  symbology  among  services 
and  aircraft.  It  should  be  noted  that  none  of  the  existing  avionics  systems 
comply  with  this  specification.  Also,  if  and  when  this  standard  is  imposed 
there  will  undoubtedly  be  revisions.  Therefore,  it  is  desirable  to  provide 
a symbo!  generation  technique  which  can  be  easily  modified  and  updated  in 


Table  10  is  a compilation  of  the  symbol  requirements  as  a function  of 
mission  mode  and  is  a summary  of  the  date  from  MIL-STD-884B.  All  or 
some  of  these  symbols  are  required  in  the  various  systems  covered  by  this 
study.  As  an  example  of  how  symbols  are  combined  and  displayed.  Table  11 
was  compiled  for  the  F-4  system.  This  is  representative  of  the  symbology 

Pr"en‘  ,y,'T*  <?•*•  ■ presented  on  « 5-inch  sensor 

disptey.  This  symbology  is  broken  into  two  groups.  One  group  is  generated 
in  the  symbol  generator;  the  second  group  of  symbology  is  received  already 
mixed  in  with  the  sensor  video. 

Figure  2 is  a representation  of  the  symbol  requirements  for  advanced 
weapon  systems  (such  as  Bl).  In  addition  to  attitude  information  shown  in 
display  center  speed  and  altitude  flight  data  are  presented  dynamically  in 
the  form  of  vertical  and  horizontal  tapes  along  the  edges  of  the  display.  The 
sensor  video  is  presented  in  the  center.  P y 


. .cS“l“  variable  d‘»0lav  and  raster  etructure.  are  necessary  to 

“*;*,the  dlv'r»'  requirement  of  the  MMSDS  program,  a symbol  generation 
b'  **"?*«  aU°W  ,yrnbo1  Programming  to  insure  that 
!™h^}L  ThPre**K  >d  Wlth  reasonable  sine  and  clarity.  For  alphanumeric 
hV  ' !£  '■  b'  11  *«••*  °-  2 tach  high  to  be  easily  readable 

bv  Mil"  STD  U?arJ*COCTSlt  en™0“n«n‘-  This  is  the  numeric  size  specified 
by  MIL-STD-1472A.  The  symbology  must  also  be  sufficiently  bright  to  allow 

reading  in  a high  ambient  and  in  some  cases  against  the  sensor  video 

Capablllty  f°r  multiple  gray  shade  encoding  of  symbols  is  also 
desirable  since  some  studies  indicate  an  improved  symbol  quality  for  in- 
raster symbols  when  using  gray  shades. 

for  the  MM^n«!1U8i0n’  U V*"  be  8660  that  the  8Vmbo1  generation  requirements 
for  the  MMSDS  can  vary  from  a simple  repertoire  to  a very  complex  reper- 

"d  'nd''d  tbe  ,l2e  and  *h».pe  of  the  aymbol.  mu.t  be  able  to  be  modified 

nroTrfmilhlV'  k?  " re<lulr"V«n‘>'  Thi.  dictate,  the  u.e  of  a flexible, 
programmable  symbol  generator  technique. 
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TABLE  10.  SUMMARY,  DATA  DISPLAY  REQUIREMENTS 


0C 


G 

>H 

T) 

G 

3 

X X X X X X X XXX 

X 

XX  XX 

W eapon 
Delivery 

XX  X XXXX  X 

X X 

xxxxxxxx 

Search 

and 

Detection 

XX  X X XX  X 

X X 

X X 

Terrain 

Following/ 

Terrain 

Avoidance 

XX  X XXX  X 

X 

XX  X 

Naviga- 

tion 

XX  xxxxxxxxx 

X X 

Take- 

Off 

XXXXXXX  XX 

X 

X X 

Data 

Representation 

Horizontal  Tape 
Vertical  Tape 
Vertical  Tape 
Pitch  Ladder 
Vertical  Tape 
Horizontal  Scale 
Symbol 
Symbol 
Symbol 
Symbol 
Rotated  Line 
Horizontal  and 
Vertical  Lines 
Symbol 

Alphanumeric  word 
Symbol 
Vertical  Tape 
Symbol 

Symbol 
Line  - vector 
Horizontal  line(s) 
Symbol 
Flash  data 
Crossed  lines 
Flash  word 
Alphanumeric  word 
Line  graphic 
Line  graphic 
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TABLE  11.  F-4  SYMBOL  REQUIREMENTS 


The  input  interface  to  the  MMSDS  consists  of  mode  control,  video, 
timing  and  symbol  generator  signals.  The  mode  control  signals  define  the 
display  format,  coverage,  sensor  mode,  etc.  Input  video  is  received  from 
the  various  on-board  sensors.  Timing  signals  define  the  position  of  the 
sensor  video  with  respect  to  the  scanned  space.  Discrete  and  dynamic 
signals  are  also  received  to  define  the  proper  generation  of  the  symbology 
to  be  displayed.  Two  types  of  input  interface  are  discussed  in  this  report, 
the  DAIS  interface  and  non-DAIS  interface. 

The  output  interface  from  the  signal  transfer  unit  to  the  display  is  a 
single  composite  video  line.  The  justification  for  this  interface  is  presented 
in  Section  4.  It  provides  a simple  interface  to  multiple  displays  and  to  a 
video  recorder. 

In  addition  to  the  electrical  signal  interfaces,  the  physical  interface 
must  also  be  considered.  The  signal  transfer  unit  and  display  units,  if 
separated,  must  be  housed  in  either  an  electronics  bay  or  in  the  cockpit. 

As  such,  for  maximum  multi- system  commonality,  modules  must  be  designed 
which  will  fit  into  the  O & M constraints  of  the  various  systems. 


DA  IS  Interface 

^tc38611”6  modular  display  system  design  is  based  on  compatibility 
with  the  DAIS  system  interface.  DAIS  (Digital  Avionic  Information  System) 
is  an  Air  Force  concept  whereby  all  avionic  subsystems  are  treated  as  a 
whole  system  rather  than  as  a conglomerate  of  independent  equipments  A 

^ntro/^r  °fHDAIV8*e  U8e  ?£  a multiple  terminal  data  bus.  All  avionics 
control,  test,  and  mode  information  will  be  transmitted  on  this  bus.  Therefore 

the  mode  control,  sensor  data,  and  test  command  signals  for  the  modular 

7 *S.P 87 SiCn^ WU}  bC  r?ceived  over  th'*  bus.  Furthermore,  results  of  built- 
in-test  for  the  display  subsystem  will  be  transmitted  back  over  this  bus  as 
static  words. 

A block  diagram  of  the  DAIS  Data  Bus  Architecture  is  given  in  Fig- 
The  moduiaf  multisensor  display  system  appears  in  the  diagram  as  a 
subsystem  coupled  to  the  twisted  pair  transmission  line  by  a Multiplex 
Terminal  onit  (MTU)  and  a Subsystem  Interface  Unit  (SSIU).  Flow  of  data  on 
the  twisted  pair  data  bus  is  controlled  by  the  data  bus  controller.  This  con- 
troller would  be  a part  of  the  aircraft  main  computer. 


DATA  IUS 


CONTROL!  SI 


TWISUD  FAIR  TRANSMISSION  UNC 


MU.TIM.CX 

ICRMINAl 

UNIT 


DC  FI  NED 
IN  FUTURE 
STANDARD 


SUBSYSTEM 

INTERFACE 

UNIT 


SUISYSTEM(S) 

(MODULAR  MUTISCNSOR 
DISMAY  SYSTEM) 


_1 — _l__ 

_ _ 

ss 

1 

Figure  3.  DAIS  data  bus  architecture. 


Three  20-bit  word  types  are  defined  for  the  bus  - a data  word,  a 
command  word,  and  a status  word.  Each  of  these  words  consist  of  3 bits 
for  synchronization,  16  bits  for  address,  data,  or  error  codes,  and  1 bit 
for  parity.  These  words  move  serially  on  the  bus  at  a 1-MHz  rate. 


Each  MTU  is  assigned  a unique  address  in  the  command  word  and 
T^uTti when  addressed  by  receiving  or  transmitting  data  and  status  words. 
The  MTU  performs  the  necessary  serial  to  parallel  and  parallel  to  serial 
conversions  to  interface  between  the  serial  data  bus  and  the  parallel  lines  to 
the  SSUJ.  The  MTU  receives  and  stores  a complete  data  message  (up  to  32 
ccttt  ^ words^  before  retransmitting  the  message  as  a block  to  the  SSIU.  The 
bMU  in  turn  sends  the  message  on  to  the  subsystem.  Although  the  SSIU  is 
not  completely  defined,  it  is  logical  to  expect  its  output  to  be  16  bit  parallel 
words  with  a tew  additional  control  lines.  This  is  the  interface  provided  for 
in  the  modular  multisensor  display  design.  Eighteen  parallel  lines  are 
provided  for  a 16 -bit  word  and  two  control  lines  to  connect  the  display 
system  with  the  SSIU.  V y 


The  SSIU  and  MTU  are  considered  to  be  parts  of  the  subsystem 
terminals.  Therefore,  design  of  the  SSIU  and  MTU  are  not  a part  of  this 
study.  r 


Non -DA  IS  Inter fac  e 

It  will  be  many  years  before  all  aircraft  systems  within  the  Air  Force 
command  possess  the  DAIS  system  architecture  and  interface.  However  the 
modula r d lsplay  system  is  indeed  applicable  now,  therefore  it  is  desirable  to 
couple  this  display  system  with  aircraft  systems  of  widely  different  inter- 
:fcef:  e modu\ar  dlsp!ay  system  is  designed  (see  Section  5.  0)  to  accept 

for  ?»ar*Vel  Trd8  i",the  ?AIS  format*  This  is  the  simplest  interface 
an  all  digital  system.  Therefore,  for  other  applications,  it  is  necessary 
to  convert  the  input  signals  into  this  type  of  format.  Table  12  functionally 
describes  the  signal  interfaces  of  the  various  aircraft  systems. 

2-2.5  Physical  Interface 

, The  size  and  form  factor  of  signal  transfer  unit  and  display  unit  for 

the  applications  varies  widely.  The  required  module  complement  must  be 
configured  in  a manner  to  fit  these  various  outline  configurations.  This  is 
particularly  critical  for  retrofit  applications  where  a given  volume  already 
exists  in  the  aircraft.  Table  13  irdicates  the  existing  dimensions  of  the 
signal  transfer  unit  and  display  in  various  aircraft  systems. 
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25  Discrete 


Series 

Aircraft  I 28  vdc 


Azimuth  ±15  v 18  Analog  Analog  (with 

Signal  signals  define  prf  pulse) 

(0.  25  v/deg)  symbol  posi- 

tion 

(approx  25  v) 


F-106  14  Discrete  Azimuth  100  v 18  Analog 


28  vdc 


p-p  dc 


signals  define 
symbol  posi- 
tion 

(approx  100  v) 


Radar  2 v 
(with  prf  pulse) 
IR  9 v 


20  bit  Serial 
Digital  Data 
(TTL  level) 


20  bit  Serial 
Digital  Data 
(TTL  level) 


N.  A.  2 bit  digital 

with  transfer 
clock 


F-lll 


Series 


26  bit  Serial 
Digital  Inter- 
face w/Com- 
puter  TTL 
level 


Serial  Digital  Serial  Digital  Analog  video 
Interface  Interface 


20  bit  Serial 
Digital  from 
Computer  — 
Discrete  28  v 
Signals  from 
Radar 


Demodulated 


Serial  Digital  Bipolar  analog 
Signals  from  video  with 


Computer, 
Analog  sig- 
nals from 
Radar 


sync  pulse 


7 Discrete 


28  vdc 


Azim  jth 


Position 


Composite  analog 


i 


TABLE  13.  INSTALLATION  O & 


Digital  Signal 
Transfer  Unit,  in. 


8.  2 x 10.  3 x 20.  3 


9.  5 x 6.  5 x 18.  0 
(half  is  available  for 
scan  converter 
functions) 


Display  Units 
Size  of  Unit,  in. 

(w  x h x d) 

Rear  - 6.  5 x 8.  5 x 18.  0 
Front  - 11.  5 x 6.  77  x 18.  9 

5.  75  x 5.  75  x 17.  25 


F-106 


F-15 


F - 1 1 1 


F-5E 


7.  7 x 11.  7 x 13 


6 x 8-1/2  x 14 


8 x 12  x 20 


7"  diameter  x 25" 

6 x 6 x 15 

VSD  8 x 7 x 27 
MSD  14  x 11  x 32 


6 x 6 x 17 


2‘  3 Operator  Requirements 

.he  diray  ‘r8e- tha* a^ * 

designer  is  charged  with  selectino  °r  ^an<3marhs.  The  display 

co.t'con.traint.^ed  ..U.ftaT.T.L0'  J*>rai“l,a“d 

formance  of  thnso  taiir,  a „ . . cs  enhance  the  crew's  per- 

of  displays  optimized  for  thesT  taTks  ^ust  satisfy  t*”6*1  Crewmen’  the  desi8n 
criteria:  1)  the  displays  must  present  data  ^ tW»?  maj°r  pPerat°r  derived 
displayed  data  must  exceed  visual  thr e shofd *1^2 ^ is’  the 
junction  with  the  sensor  meet  th»»  J and  j must»  ln  con- 

tha  di.pl.y/.en.or ilitenTTu.  Drovfd,  IT  d',mands  °<  th*  operator,  that  ia, 
to  carry  out  the  ta.kinhTn^  Th  , ' 'nf°r™“°n  ‘he  crewman  needs 

then.  Jay  be  a,.e,«d agat.t  t«o  a dUP‘ay- 

related  to  the  psychophysical  deman  « of  1 behavioral  criteria;  those 
the  cognitive  demands  of  the  operator.  * °perat°r  and  those  related  to 

2*3-1  Psychophysical  Demands 

ihe  ™*  by  matching 

range  of  the  eye.  The  vi.ua.  MSF  dejribe,  the  re.po’nle  clt™H. 


th<  eye  as  a detector  and  typically  describes  thaf  r 

:r;::r/rPrt^y\r1duUtion’ dispiay  iumina"ce-  '-*0.'^“ o! 

for  n^ng^he^mag^must^no^t^  object  ©nab!*8  d ‘joTs'ti  “ ‘“V^ 

X‘‘zrt  «rhr~r."  r mr  ~^hich 

rVou;;r*cuec„hta”rb,s  °br  8caVines  *ui * J&S  f!-tba1ih::,aeny 

ceases  lobe  vl.iblj  „bj«t?o"a^°”h"  .*“«“*  ‘T  7^  r'*Ular  StraCta" 
18  cycles  per  degree.  (Ref.  1)  sponds  to  a spatial  frequency  of 

which  cor7e,Vp^7.odiheaImi^rttyPbCal  ^ C°ckPil  disPla>-  = 30  *"<=•«■. 

s°ruclure°rder  *°  vis^aUy  o^ectTo"  ab^  ™™r“C 

at  the  closest  viewing  di.t«nce  The  to7  must  b‘  objectionable 

flns ::™:  z\d±?  ££• 

.he  display  is  synchronized  ££ 

«nasorS7dPi.pei7ye".uhrtse|hr;enl8  °‘  ““  t‘Splay  a"d  ‘he  al<:"«"'8  °f  ‘he 

contiln  [T^.  *°  “ 8Ca"  co"™^”»'  >»00  xh!oSOOneSredm‘em„tf!7;uld 
flue 

laborato?y%mdTe7tta  ue,dedlnte'l!tede  a"al>'se8  <«*•  2>  were  gathered  from 

This  me.L 
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RELATIVE  SENSITIVITY 


CORRESPONDS  TO 

100  TV  LINES/INCH  AT 
20  INCHES  VIEWING 
DISTANCE 

80  TV  LINES/INCH  AT 
26  INCHES  VIEWING 
DISTANCE 


60%  POINT  OCCURS  AT 

APPROXIMATELY 

18  CVCLES/Of  ORif  I 


FREQUENCY,  cyclei'dagreat 


Figure  4.  Modulation  sensitivity  function  of  human 
visual  system. 


RESOLUTION  OF  18  CYCLES  (36 PIXELS!  PER  DEGREE  ASSUMED 


DESIGN  CENTER 
VIEWING  DISTANCE  ■'  .»»-) 

RANGE  L0CUS  OF  20-DEGREE 
DISPLAY  ANGLE 
SUBTENDED  BY 
THE  VIEWER*  EYE 


Figure  5.  Optimum  display  size  and  resolution  density  as  a 
function  of  viewing  distance. 


sensitive.  Operational  displays 

other  colored  phosphors  should  bJ  consfd^red  F*  C°n8CC*“ence  of  u^ng 
Semple  (ref  2)  illustrates  th*.  Jiff  S1°ertd.  Figure  6 taken  from 

lengths  contained  in  the  visible  Dortion*  f *^nsit,vity  of  the  eye  to  the  wave- 
for  comparison  are  the  emission  , ^ SPectrum-  Also  shown 

emission  wavelengths  of  some  common  CRT  phosphors 

same  effective  display  lumiifa^ce ^t  th^extl^87  18  ^quired  to  produce  the 
compared  to  the  center.  It  is  the  nhnto  • mes  of  the  Vlsual  spectrum  as 
interest  since  foveal  (cone)  vision  is  rpliii  ^°ne  resPonse  that  is  of  prime 
the  display.  The  peak  of  the  nhni  ^ ire<^  to  extract  information  from 
microns  Jhich  ™«U- 

phosphofn^rYh'e  “'of  th'/nh?  ‘Umin°US  'or  -‘acting  a 

pattern  perception  present,  problem?!^  T™'  The  USe  °'  red  “Sb‘  Tn 
accommodative  fatigue  due  to  ocular  chr  C r°mat.lc  adaptation  and  increased 
aberration  effect,  decrease  the  re^,  ™'10  aberra“°m  Chromatic 
increase  the  visual  demand  curve  or  VJ  8powor  of  the  eye  and  thus  would 
(ref  2)  states  that  "the  re.olvina  n > contraat  required.  Semple 

lengths  is  almost  equal  to  that  of  white  l'.ght  ' ”'g,"n  wavc- 

resolving  power  of  the  pvp  ;e  ^ lgnt*  * or  red»  however,  the 

and  for  blue  it  i,  only  about  one -fifths  goodt^,'whUe8°0dThS  Ugh‘ 

due*  tcTtlns^incr  etuTe the^ pupiT  tHarn't™^8^!86 va— ^at'iow  haninance  vel^ 
may  be  required  to  focus  red  or  blue'ucht  '"C.rheased  acc°mmodation  times 
this  would  further  degrade  performance  “Ur,“e  the  and 


PHOSPHOR  TYPE 


Figure  6.  Spectral  sensitivity  of  eye 
compared  to  commonly  used  CRT 
phosphor  wavelengths. 
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Due  to  the  combination  of  reasons  described  above,  it  is  recommended 
that  the  phosphor  selected  lie  in  the  green- yellow  region  of  the  visible  spec- 
trum. The  P-3  i and  narrower  band  P-44  phosphors  for  example  meets 
this  requirement. 

Traditional  night  use  of  monochromatic  red  colored  light  in  CRT 
displays  has  been  directed  toward  the  preservation  of  dark  adaptation.  Since 
the  rod  receptors  are  relatively  insensitive  to  the  red  area  of  the  spectrum, 
red  lighting  has  been  used  to  preserve  rod  sensitivity.  However,  there  is 
some  argument  as  to  whether  red  actually  buys  anything,  and  the  Air  Force 
has  now  gone  to  blue-white  cockpit  display  lighting.  A research  review 
conducted  at  Hughes  under  another  contract  indicates  the  need  for  a revision 
of  the  long  standing  design  principle  that  red  displays  should  be  used  for 
night  operations.  Several  of  the  reviewed  studies  have  shown  that  visual 
tasks  which  require  pattern  recognition  and  thus  foveal  viewing,  such  as 
those  projected  for  multi-sensor  display  application,  do  not  benefit  sub- 
stantially from  red  light,  either  during  preadaptation  or  when  red  light  is 
the  illumination  source. 

Luminance  Dynamic  Range 

The  modulation  sensitivity  function  describes  the  amount  by  which  a 
base  level  luminance  must  be  changed  in  order  that  an  adjacent  luminance 
will  appear  as  a different  brightness  to  an  observer.  In  order  to  know  how 
much  intensity  information  can  be  communicated  by  a display,  one  must 
know  not  only  the  modulation  sensitivity  of  the  eye  as  described  in  previous 
paragraphs  but  the  luminous  range  over  which  vision  operates.  The  number 
of  perceivable  gray  shades,  then,  would  be  the  luminous  dynamic  range 
divided  by  the  number  of  discernible  luminous  differences.  It  is  of  some 
interest,  therefore,  to  know  the  total  luminance  range  of  the  eye. 

The  total  range  is  enormous  if  one  considers  the  luminance  of  snow  in  the 
sun  to  the  values  of  the  darkest  night.  As  can  be  seen  from  Figure  7,  the 
total  dynamic  range  is  on  the  order  of  10  billion  to  1.  However  the 
instantaneous  dynamic  range  is  only  on  the  order  of  100:1  to  1000:1  and 
provides  a window  of  that  size  whose  positirn  is  controlled  by  the  visual 
adaptation  level.  If  the  eye,  for  example,  is  adapted  to  1000  fL,  then  any 
luminance  below  1 fL  will  appear  black  and  no  brightness  discriminations 
can  be  made  below  that  level.  This  observation  has  two  implications  for 
displays.  One  is  that  it  makes  no  sense  to  attempt  to  design  displays  that 
have  a greater  dynamic  range  than  the  eye.  The  other  is  that  the  average 
luminance  of  the  display  as  seen  by  the  observer  should  fall  within  the 
window  to  which  the  observer  is  adapted.  If,  for  example,  the  observer  is 
adapted  to  2000  fL  and  a display  luminance  is  on  the  order  of  2 fL  the  image 
will  appear  exceedingly  black  no  matter  what  the  contrast. 

The  luminance  problems  for  display  design  are  not  currently  ones  of 
exceeding  the  eye's  capability  but  of  bending  every  effort  to  extend  the  dis- 
play average  luminance  and  dynamic  range.  The  greater  the  luminance 
the  more  likely  will  the  display  match  the  adaptation  level  of  the  observer 
in  daylight  conditions,  and  the  greater  the  display  dynamic  range  — up  to  the 
limits  of  vision  — the  more  intensity  information  can  be  conveyed  by  the 
display. 
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M ILL  IMICROLAM  BERTS  MICROLAMBERTS 


16.000  mL  UPPER  LIMIT 
OF  VISUAL  TOLERANCE 


WHITE  PAGE  IN  GOOD  READING  LIGHT 


PHOTOPIC  VISION  (CONES) 


SCOTOPIC  VISION  (RODS) 
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Figure  7.  Range  of  light  intensities  that  the  human 
eye  confronts  (from  Stevens . Ref.  3). 
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DECIBELS  ABOVE  THRESHOLD 


An  index  of  the  effectiveness  of  displays  in  providing  intensity 
information  may  be  obtained  by  employing  the  concept  of  gray  levels.  For 
convenience,  gray  levels  are  defined  arbitrarily  as  the  number  of  shades- 
of-gray  in  a standard  step-wedge  which  increase  in  brightness  from  adjacent 
step  areas  in  the  ratio  of  fz.  The  total  contrast  ratio  (C.R.  ) required  for 
"N"  shades-of-gray  is  therefore: 


C.R.  = (/i)N_1 


Contrast  ratio  is  defined  as  Bmax/Bm^n,  where  Bmax  is  the  luminance 
at  the  viewing  surface  of  the  display  due  to  the  combined  CRT  light  output  and 
the  reflected  ambient  light  and  13m in  Is  the  luminance  due  only  to  the  reflected 
ambient  light.  Conventional  display  tube  phosphors  normally  reflect  60  to 
80  percent  of  the  incident  ambient  light;  therefore,  in  a 10,000  ft-candle 
ambient,  Bm£n  may  be  as  high  as  8,  000  foot  lamberts.  To  provide  a contrast 
ratio  of,  for  example,  1 1 to  1 under  such  conditions,  would  require  a CRT 
high  light  luminance  of  80,000  foot  lamberts;  a level  that  is  not  only  impos- 
sible to  achieve  in  conventional  CRTs,  but  one  that  would  be  harmful  to  the 
observer's  eyes.  Clearly,  some  type  of  contrast  enhancement  technique  is 
required  to  reduce  the  CRT  luminance  requirement  to  an  acceptable  level. 

A description  of  alternate  contrast  enhancement  techniques  follows. 

Basic  Contrast  Enhancement  Techniques.  Contrast  enhancement 
techniques  may  be  classed  as  follows: 


Restrictive  Two-way  Restrictive 

Angle Attenuation Bandwidth 

1.  Fiber  Optic  Faceplate  1.  Neutral  Density  1.  Absorptive  Filters 

2.  Mesh  2,  Polarizing  2.  Interference  Filters 

a.  Kaiser  Micromesh 

b.  Hycon  Thin -Film 
Multimesh 

c.  3-M  Film. 


Specific  contrast  enhancement  hardware  often  uses  a combination  of 
two  or  more  of  the  above  techniques.  For  example,  an  absorptive-bandwidth- 
restrictive-filter  also  uses  neutral  density  two-way  attenuation,  attenuating 
frequencies  inside  and  outside  its  pass  band. 

The  analysis  which  follows  first  determines  the  advantages, 
disadvantages  and  characteristics  of  each  individual  technique  used  separately. 
Finally,  combinations  of  the  techniques  are  considered  and  evaluated. 


Restrictive  Angle  Filters.  All  of  the  filters  (techniques)  grouped  in 
tins  category  utilize  the  fact  that  the  operator  need  only  observe  the  CRT 
light  output  over  a limited  viewing  cone,  while  ambient  illumination,  on  the 
average,  will  encompass  an  approximately  hemispherical  volume  around 
the  observer.  A common  example  of  the  directional  filter  technique  is  the 
use  of  a hood  over  an  oscilloscope  to  reduce  the  effects  of  directional  room 
ambient. 

1 . Fiber  Optic  Faceplate 

Operation  of  a fiber  optic  faceplate  is  illustrated  in  Figure  8 

Each  individual  fiber  or  light  pipe  is 
coated  with  a black  material  (EMA, 
Extramural  Absorption  material). 
Each  fiber  efficiently  transfers  all 
of  the  phosphor  light  that  occurs 
within  the  fiber's  cone  of  acceptance 
to  the  outside  of  viewing  surface 
of  the  CRT.  The  light  emanates  from 
the  CRT  face  with  a similar  cone  of 
acceptance.  To  view  the  display, 
the  observer  must  be  within  this 
acceptance  cone. 

Ambient  light  impinging  on  the  CRT  face  outside  of  this  accept- 
ance angle  is  absorbed  by  the  EMA  coating.  Since  no  light  diode 
action  is  possible,  ambient  light  incident  within  the  angle  of 
acceptance  is  passed  through  the  fibers,  reflected  off  the 
phosphor,  and  transmitted  back  to  the  viewer. 

The  effectiveness  of  a fiber  optic  faceplate  can  be  approximated 
by  assuming  a diffuse  ambient.  The  proportion  of  the  ambient 
light  rejected  by  the  fibers  is  proportional  to 

where  0 = acceptance  angle  of  the  fiber.  For  a typical  fiber 
optic  CRT,  0 = 80°  then 


Ignoring  first  surface  reflections  and  phosphor  reflection,  a 
theoretical  improvement  in  contrast  ratio  of  5 to  1 would  result. 


VIEWING 

SURFACE 


ACCEPTANCE 
CONE 


y FIBER  OPTIC 
/ FACEPLATE 


Figure  8.  Fiber  optic  CRT. 
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2. 


Mesh 


I 


I he  next  general  category  of  directional  niters  uses  a thin  mesh 
in  front  of  the  CRT  where  the  mesh  functions  much  like  an  in- 
line Venetian  blind  as  illustrated  in  Figure  9. 


In  this  type  of  filter,  light  from  angles 
outside  the  acceptance  angle  is 
absorbed  within  the  louvers  of  the 
mesh.  The  acceptance  angle  is  deter- 
mined by  the  geometric  construction 
of  the  mesh  (depth,  spacing,  etc.  ). 

Ambient  light  incident  within  the 
acceptance  angle  is  accepted, 
reflected  from  the  phosphor,  and 
retransmitted  back  to  the  viewer. 


Typical  acceptance  angles  of  less  than  50  degrees  (±25  degrees) 
can  be  obtained,  thus  theoretically  reducing  the  effects  of  diffuse 
ambient  by  more  than  (180/50)^  or  more  than  13  to  1. 


Ihe^™eptanCU  COne  can  be  chan«eled  to  be  other  than  normal  to 
RT  t0  accomrnodate  an  cff-axis  viewer.  Also,  the  louvers 
at  the  extremities  of  the  display  can  be  "focused"  inward  to 
prevent  darkening  of  the  display  near  the  outer  edges. 


Two  Way  Attenuation.  The  next  general  category  of  contrast  enhan 
£ent  techniques  takes  advantage  of  the  fact  that  ambient  light  has  to  pass 
through  serial  elements  twice,  while  the  CRT  light  output  need  traverse 
the  optical  chain  only  once,  as  illustrated  in  Figure  10. 


e- 


Figure  10.  Two-way  attenuation. 


_ « A.^blent  h8ht  is  *t*e"uated  by  t2  (assuming  100  percent  phosphor 
reflectivity),  whereas  CRT  light  output  is  attenuated  only  by  T.  Thus  the 
theoretical  gain  is 


Brightness  of  CRT  _ T BCRT  1 BCRT 

Ambient  brightness  “ ~2  n = ijr  X -g — 

1 BAmbient  Ambient 


This  is  a 


net  gain  of 
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T 


over  the  use  of  no  series-attenuating  filter. 
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Practical  considerations  (e.  g.  , first  surface  reflection)  reduce  the 
gain  possible  with  this  technique  to  less  than  10:1.  There  are  two  major 
types  of  two-way  attenuation  filters: 

1.  W ideband 

The  most  commonly  used  technique  is  the  neutral  density  (gray) 
filter,  a wideband  filter  which  attenuates  most  frequencies 
uniformly.  Neutral  density  filters  are  readily  available  in  a 
wide  variety  of  attenuation  coefficients  from  a fraction  of  a 
percent  to  over  90  percent. 

2.  Polarizing  Filters 

The  operation  of  a polarizing  filter  is  illustrated  in  Figure  11. 
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Figure  11.  Circular  polarizer. 


The  first  surface  linearly  polarizes  the  incident  ambient.  The  1/4 
wave  layer  polarizes  the  light  right-circular.  After  specular  reflection,  the 
light  is  polarized  left-circular,  then  is  shifted  l/4  wave  as  it  passes  again 
through  the  1/ 4 wave  layer.  The  total  change  in  phase  to  this  point  is  one- 
half  of  a wave  length,  which  transforms  the  ray  to  be  linearly  polarized 
into  a plane  90  degrees  to  the  original  entry.  This  shifted  light  is  then 
absorbed  by  the  first  element,  the  linear  polarizer. 

One  principal  disadvantage  of  using  the  circular  polarizer  directly 
in  front  of  the  CRT,  is  that  phosphor  will  depolarize  from  65  to  85  percent 
of  the  reflected  light,  thus  the  polarizer  loses  much  of  its  effectivity. 
Polarizers  are  available  which  transmit  from  20  to  40  percent  of  incident 
light,  so  the  filter  can  also  function  as  a neutral  density  filter. 
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nnt  , /Iv?  P1°,lJrizcr  is  designed  for  one  specific  center  frequency  (which 
f ' 1 .lhe  wavo  retarder)  so  some  leakage  occurs  at  higherand  Lower 
However,  the  polarizer  is  useful  in  front  of  an  interference 
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Two  types  of  filters  can  provide  the  narrow  bandpass  required. 

1.  Absorption 

The  absorption  filters,  which  absorb  the  rejected  frequencies 
are  not  as  efficient  (10-30  percent  transmission  for  the  pass  fre- 

fUter.  r n°r  an6  th!lf  Passband  curves  as  sharp  as  interference 
filters.  Generally,  they  cost  less  than  interference  filters. 

2.  Interference 

The  interference  filter,  which  reflects  rejected  frequencies 
typically  transmits  80  percent  of  the  center  pass  frequency  'has 

curve  ™dnauer°W  if*?*  °n  th°  ne*rl>-  f r equency'^e'spon se 

’ nd  generally  is  more  expensive  than  an  absorptive  filter. 


n— 


Absorption  filters  have  no  coiorshift  with  viewing  angle,  whereas  the 
passband  of  the  interference  filter  is  dependent  on  the  angle  of  incident  light. 
To  exploit  this  angular  dependence  of  an  interference  filter,  consider  Fig- 
ure 13.  This  filter  is  designed  for  on-axis  viewing  (0  degrees)  of  a narrow- 
band  phosphor  (such  as  P44).  Light  incident  at  angles  greater  than 
±)0  degrees  is  completely  attenuated.  The  filter  thus  functions  both  as  a 
narrowband  filter  and  as  a restrictive  angle  filter. 


Figure  13.  Angular  dependence  of 
interference  filter. 

Laboratory  measurements  and  analysis  here  show  that  the  maximum 
contrast  enhancement  technique  is  achieved  by  using  both  a two-way  attenua- 
tion filter  and  a bandwidth  restrictive  filter.  This  is  the  filter  combination 
recommended  for  the  MMSDS. 

Temporal 

The  above  was  a discussion  of  the  spatial  and  luminance  response  of 
the  eye.  The  ability  of  vision  to  discriminate  temporal  events  is,  for  display 
design,  generally  handled  under  the  heading  of  flicker  or  display  frame  rate. 
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The  design  requirement  for  display  frame  rate  has  traditionally  been 
determined  by  the  conditions  under  which  a display  operator  will  cease  to 
perceive  flicker.  Perceived  flicker,  or  the  lack  thereof,  is  measured  by 
the  critical  fusion  frequency  (CFF).  The  CFF  is  defined  as  the  frequency 
of  change  in  the  luminance  of  a visual  stimulus  at  which  perceived  flicker 
extinguishes  and  a smooth  fusion  occurs.  The  design  value  typically 
selected  for  frame  rate  correspondingly  has  been  that  at  which  the  CFF  has 
been  exceeded.  In  other  words,  the  design  philosophy  has  been  that  the 
display  shall  not  flicker.  A vast  amount  of  information  exists  on  the 
value  of  the  CFF  as  a function  of  various  environmental  and  display 
parameters. 

On  the  other  hand,  no  information  is  known  to  exist  which  quantifies 
deg-adation  in  operator  performance  as  a function  of  how  badly  a display 
flickers.  Consequently,  display  designers  have  been  unable  to  make 
reasonable  and  knowledgable  tradeoffs  between  degree  of  flicker  and 
operator  performance.  In  developing  MMSD  requirements,  the  CFF 
threshold  was  not  the  only  flicker  criterion  considered.  The  point  at 
which  flicker  becomes  so  noticeable  that  it  (1)  is  distracting  (2)  begins  to 
affect  performance,  and  (3)  induces  fatigue,  were  also  considered.  For- 
tunately these  considerations  and  lack  of  human  engineering  data  did  not 
constitute  serious  problems  in  the  design  of  the  MMSD.  In  this  application, 
the  display  is  refreshed  directly  from  memory  and  refresh  rate  is  relatively 
independent  of  other  processing  time  constraints.  For  this  reason,  flicker 
could  be  eliminated  by  selecting  the  relatively  high  refresh  rate  of  60  Hertz 
(30  Hertz  frame  rate  with  2:1  interface)  as  the  following  analysis  will  show. 

Many  interact:ng  factors  are  involved  in  the  perception  of  flicker. 
These  include:  ligl  t adaptation  level,  retinal  area  stimulated,  luminance 
intensity,  flash  duration,  phosphor  characteristics,  display  refresh  rate, 
and  information  update  rate.  Existing  data  show  that  the  CFF  increases 
with  increased  area  of  retinal  stimulation  (ratio  of  display  size  to  viewing 
distance),  increased  in  display  luminance,  and  also  with  a decrease  in 
duty  cycle  (ratio  of  on-time  to  off-time). 

Figure  14  from  Carel  (ref  4)  presents  data  that  show  the  relationship 
of  a number  of  these  factors  to  the  CFF.  To  illustrate  the  use  of  this  figure, 
assume  a maximum  CRT  brightness  of  1000  foot -Lamberts  (worst  case)  and 
a 10  percent  neutral  density  filter  giving  an  effective  maximum  display 
brightness  of  100  foot -Lamberts.  No  display  will  ever  be  all  maximally 
driven  at  the  same  instant  because  no  information  is  transmitted  in  that 
mode;  thus  an  average  brightness  for  the  entire  display  of  50  foot-Lamberts 
is  a more  reasonable  value  to  select.  The  appropriate  value  of 
viewing  ratio,  p,  (the  ratio  of  viewing  distance  to  screen  diameter)  lies  in 
the  range  of  4 to  5 for  the  MMSD.  It  was  desirable  to  use  the  standard  TV 
refresh  of  30  frames/ sec  with  2:1  interlace.  Thus,  following  the  value  of 
60  on  the  ordinate  of  Figure  14  across  to  intersect  a value  for  Bc  of  50  foot- 
Lamberts  shows  that  a minimum  value  of  t/T  of  0.  35  must  be  used  to  elim- 
inate flicker  from  the  display.  Continuing  the  calculation,  t = 0.  35/60  = 

5,  85  msec.  This  value  of  t is  the  time  required  for  the  phosphor  brightness 
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ilgure  14.  Threshold  flicker  values  for  intermittent  illumination. 
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to  decay  to  5 percent  of  its  peak  value.  Most  phosphors  are  given  specifica- 
tions for  fall  time  to  10  percent,  and  the  equivalent  value  for  minimum  fall 
time  is  4.  5 msec.  Thus  if  this  requirement  is  meant,  there  should  be  no 
visible  flicker  on  the  MMSD  at  standard  TV  refresh  rates. 

Other  sources  of  data  indicate  that  the  minimum  value  of  fall  time 
(10  percent)  arrived  at  above  is  quite  conservative.  Table  14  taken  from 
Semple  (ref  2)  indicates  that  even  the  low  persistence  P-31  phosphor  with  a 
fall  time  to  10  percent  brightness  of  38  psec  at  an  average  brightness  of 
100  foot-Lamberts  has  a CFF  of  only  51  Hertz.  It  is  curious  to  note  the 
wide  discrepancy  in  this  phosphor  specification;  Luxenberg  and  Kuehn  (ref  5) 
list  the  P-31  phosphor  as  having  a fall  time  of  1.  2 msec.  Semple  (ref  2)  also 
notes  that  the  rank  ordering  of  CFFs  in  Table  16  correlate  mori  closely  with 
residual  light  after  a fixed  time  period  than  with  the  persistence  to  10  percent. 
In  any  event.  Figure  15  taken  from  Semple  (ref  2)  shows  the  P-31  phosphor 
to  be  flicker-free  at  least  to  100  foot-Lamberts  using  a 50  Hertz  refresh  rate 


Figure  15.  Critical  fusion  frequency  as  a function  of  emitted 
luminance  and  phosphor  type.  (Adapted  from 
Turnage,  Ref.  6). 


2.3.2  Cognitive  Demands 

In  the  previous  section,  the  response  of  the  eye  to  intensity  modulation 
and  temporal  interruption  as  a function  of  a select  set  of  variables  was 
described.  These  data  inform  us  only  of  the  conditions  under  which  elements 
of  an  image  may  be  visually  discriminated  without  bothersome  flicker.  To 
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TABLE  14.  CFF  AND  PERSISTENCE  RATES  FOR  A NUMBER 
OF  COMMONLY  USED  PHOSPHORS 
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derive  meaning  or  intelligence  from  an  image  the  operator  needs,  of  course, 
to  make  these  discriminations.  But  in  addition  the  target  needs  to  be 
resolved  both  spatially  and  by  modulation  gradations,  the  sensor  field  of 
view  (the  context)  must  be  adequate,  and  time  available  to  extract  the  informa- 
tion must  be  long  enough  for  the  task  at  hand.  The  granularity  of  the  spatial 
and  intensity  information,  the  amount  of  context,  and  the  time  required  for 
different  kinds  of  recognition  tasks  has  been  called  the  cognitive  demand. 

For  completely  analog  systems,  the  MTFA  is  presumably  an  index 
correlated  with  the  observer's  ability  to  extract  information  about  the  sensed 
object  space  from  the  display.  For  quantized  systems,  no  readily  applicable 
model  is  at  hand. 

In  quantized  displays,  pixels  are  picture  elements  — like  the  individ- 
ual stitiches  in  needlepoint  or  a sampler  that,  taken  together,  form  a picture. 
How  many  stitches  does  it  take  to  define  a rose?  a face?  or  an  armoured 
personnel  carrier?  How  fine  should  the  stitches,  the  pixels,  be?  If  the 
picture  is  monochromatic,  how  many  values,  shades  of  gray,  are  required? 
Tapestry  artists  have  had  to  consider  questions  of  this  kind  for  centuries, 
taking  full  account  of  the  viewing  distance  of  the  observers.  Although  the 
application  is  different,  the  same  set  of  problems  arise  in  the  context  of 
quantized  displays  used  for  target  recognition.  In  the  previous  section, 
the  conditions  under  which  an  individual  pixel  will  be  visible  was  determined. 
The  experiments  described  below  are  a first  step  towards  defining  the 
cognitive  demands  of  the  observer;  the  number  of  pixels  required  to 
describe  an  object  and  the  number  of  gray  shades  required. 

Three  pilot  experiments  were  conducted  to  determine  the  sensitivity 
of  operator  performance  in  finding  and  recognizing  targets  to  variations  in 
a select  set  of  display  characteristics.  These  studies  dealt  with  quantized 
sensor  information.  One  study  used  radar  imagery  and  the  other  electro- 
optical  imagery.  The  radar  study  was  conducted  as  part  of  a different 
classified  project,  but  the  pertinent  facts  related  to  sensor  display  criteria 
are  included  in  this  report.  These  experiments  are  described  below. 

Radar  Study 

Ground  mapping  radars  are  typically  used  by  the  operator  to  find 
stationary  targets  or  landmarks  whose  coordinates  are  known  and  about 
which  the  crew  will  have  been  thoroughly  briefed.  The  increasing  planned 
use  of  digital  scan  conversion  to  map  the  radar  video  to  the  display  raises 
the  issue  of  the  proper  match  between  the  capacity  of  the  radar  — its  resolu- 
tion, coverage,  dynamic  range,  and  modulation-and  the  quantization 
intervals  chosen  for  the  scan  converter.  The  effect  of  digital  scan  conversion 
is  to  spatially  map  the  sensor  data  to  the  display  by  picture  elements;  pixels. 
The  experimental  display  resolutions  used  in  these  studies  are  described  by 
the  number  of  pixels  per  display  diameter  or  by  the  number  of  pixels  per 
inch.  The  independent  variables  and  fixed  conditions  chosen  to  the  experi- 
ment are  listed  in  Table  15. 


TABLE  15.  RADAR  STUDY 


INDEPENDENT  VARIABLES 
SPATIAL  QUANTIZATION: 

GREY  SCALE 
QUANTIZATION: 

FIXED  CONDITIONS 

Display  Size: 

Ground  Coverage: 

Imagery: 

Radar  Type: 

Display  Luminance: 
Ambient: 

Display  Dynamic  Range: 

INDEPENDENT  VARIABLES 

Response  Time 
Recognition  Error 


<247  PIXELS  (34  per  inch) 
514  PIXELS  (71  per  inch) 

4 GREY  SHADES  (2  bits) 

8 GREY  SHADES  (3  bits) 
16  GR ii,Y  SHADES  (4  bits) 

7-1/4  inches,  square 
Constant  (value  classified) 
Synthetic  Array  Radar 
Side  Looking 
10  fL 
1 fL 
50:1 


looking  r’  fita  records  of  hish  quality  side- 

radar  ground  re.“i,i„?.VhTh  a^r.datrha  W**  ma.PPed  at  t"'° **«««, 

sensor  resolution  a.  wSSSElT"  Th£*  °f 

classified  and  to  keep  the  bodv  of  - y esolution.  This  imagery  is 

imagery  or  data  concV^f^e^r* 

Targets.  Twelve  radar  targets  were  ,,SAri 
targets,  target  aimpoints,  general  th?  exPerimen*.  The 

the  targets  are  given  in  Table  16.  8 ions,  and  useful  cues  around 
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TABLE  16.  TARGETS  AND  BRIEFING  CUES 


Target 

Number 

Target  Type 

Target  Aimpolnt 

General 

Target 

Location 

1 

3-way  Road  Junction 

Center  of  Junction 

Rural  area 

2 

Earthen  Dam 

Center  of  dam 
separating  two 
bodies  of  water 

Rural  area 

3 

Freeway  Overpass 

Dead  center  on 
the  overpass 

Rural  area 

4 

Bridge 

Center  of  bridge 

Industrial- 

residential 

area 

5 

Dirt  Trail  Junction 

Center  of  Junction 

Rural  area 

6 

Corner  of  Field 

U pper  left 
corner  of  field 

Ru  ral  area 

7 

Stream  Junction 

Center  of  stream 
junction 

Rural  area 

8 

Bend  in  road 

Center  of  bend  In 
road 

Rural  area 

9 

Junction  of  road 
and  canal 

Center  of  junction 

Rural  area 

10 

Power  Plant 

Center  of  power 
plant 

Industrial- 

residential 

area 

1 1 

Administration 

Building 

Dead  center  on 
roof  of  building 

Residential 

area 

Useful  Cues  / round  Target 


Inverted  Y shape  (A)  formed  by 
roads  leading  to  lunctlon 

Shape  of  shore  line 


X-shape  formed  by  the  freeway 
and  crossing  road 

S-shape  bend  In  river  below 
target;  horizontal  oiientatlon 
of  road  crossing  river 

X shape  formed  by  roadB 
meeting  at  junction;  contrast 
differences  between  one  side  of 
junction  and  the  other 

Contrast  difference  between 
field  and  background;  Irregular 
shaped  field  to  upper  right  of 
target 

Contrast  difference  which  splits 
the  moor  almost  directly  in  half: 
runs  through  the  steam  junction 

L-shapc  of  road 


X-shape  formed  by  crossing  of 
road  and  canal;  irregular 
shaped  patch  of  trees  to  upper 
right  of  target 

Shape  of  the  body  of  water 
adjoining  the  power  plant 


Freeway  complex  forms  side- 
ways Y around  target  area; 
target  located  near  housing 
development 


1 


Building 


Center  of  roof 


Rural  area 


Backwards  L-shaped  road  to 
left  of  target 
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Hughes  simulator. 


photographic  film  imagery  to  produce  video  data  simulating  video  from  an 
was  used.  ~ tnese  studies  the  television  scanner 

Analog  video  data  from  the  scanner  is  displayed  directly  on  the 

ConT  1 T?  an  , G rlte  TV  monitor  located  within  the  Operator's 
Console.  The  video  may  be  digitized  or  analog.  For  these  Vtudies,  the 
analog  video  was  converted  to  digital  format  where  gray  levels  were 
quantized  to  2,  3,  4,  5,  or  6 bits  corresponding  to  4,  8,  16.  32  and  64 
gray  shades.  In  addition,  the  brightness  transfer  function  (BTF)  may  be 

For tt/.'eTtud  cTVcTtf"  *°  ““  °f„10°  'I'""0"1  relationships, 

or  tftese  studies,  the  BTF  was  visually  selected  to  provide  a pleasing 

picture  and  was  subsequently  measured.  **  “ 

riof  A television  m°nitor  was  used  as  the  video  display.  The 

7-l/"tach«.  P y WaS  adjusted  to  a widlh  ot  7-‘/4  inches  and  a height  of 

When  the  oblique  view  characteristic  of  EO  sensors  is  simulated. 
Television  Sc'an^f 'V ‘^.rOV,d'd  wi,h  a serv°  drWe”  20:1  ■»»-"  lens  on  the 

Operators1  Task.  The  task  of  the  12  Hughes  engineer-subjects  was 

t°  eachgtrhfl  ^th  ^impoi"t  of  the  *adar  targets  with  a small  pointer.  Prior 
to  each  trial,  the  operator  was  thoroughly  briefed  using  vertical  aerial 

photographs  of  approximately  the  same  scale  as  the  displayed  radar  test 
imagery.  He  was  also  provided  with  sketches  of  the  probable  rldlr  returns 
and  was  toid  the  direction  at  which  the  radar  was  iliuLna^g  the  tlrge, 
rca.  The  combination  of  radar  ground  resolution,  display  resolution  and 

Mperimenfaltriir'c"  aU°  Provided  observer  just  before  each 
e perimental  trial.  Considerable  tune  was  devoted  to  briefine  the  ohserv*»r 

triTir  hCr  ^ w»nmitht  develoP  a mental  Picture  of  what  to  look  for  be'ore  a 
trial  began.  When  he  was  ready,  the  stationary  radar  image  was  uncovered 

and  a stopwatch  was  started.  When  the  observer  found  the  desired  tercet  ’ 
he  said  now  , placed  the  crosshair  over  tne  target  he  had  selected  and  * 

,e  *5ial  was  terrnmated.  The  experimenter  recorded  the  elapsed  time  and 
whether  or  not  the  target  aimpoint  was  correctly  designated. 

Results.  Analyses  of  variance  were  computed  using  the  DroDortion 

malnrerff  -t^agHt  dt8ignati°nS*  The  statistic  Eta was  calculated  for  all 
mam  effects  and  interactions  to  establish  the  percent  of  variance  accounted 

Tarble  17  V*riance-  A SUmmary  °f  *e  analVa-  is 


TABLE  17.  ANALYSIS  OF  VARIANCE  SUMMARY : PROPORTION 
OF  CORRECT  TARGET  RECOGNITIONS 


Source  of  Variation  DF  SS  MS 


1 Grey  Scale  Quantization 

2 

0.  00815 

0. 00498 

0.  0283 

2 Display  Spatial  Quantization 

1 

0.00241 

0. 00241 

0.  0084 

3 Sensor  Resolution 

1 

0.  2324 

0.  23241 

0.  806  3 

1 x 2 

2 

0.  02042 

0.  01921 

0.  0708 

1 x 3 

2 

0.  01482 

0.  00741 

0.  0514 

2x3 

1 

0.  00001 

0.  00001 

0.  00003 

Residual  1x2x3 

1 

0.  01002 

0.  01002 

0.  0348 

Total 

11 

0.  28822 

Gray  Shade  Quantization.  The  main  effect  of  gray  shade  rendition 
is  shown  in  Figure  17.  Cumulative  percent  probability  of  correct  recognition 
is  plotted  as  a function  of  time.  As  can  be  seen  from  the  graph,  there  was 
little  performance  difference  between  the  3-  (8  gray  levels)  and  4-bit  (16  gray 
levels)  conditions. 


TIME,  SECONDS 

Figure  17.  Probability  of  finding  target  as  a function 
of  time  and  gray  scale  quantisation. 

71 


The  2-bit  condition  (4  gray  levels)  was  inferior  to  the  3-  and  4-bit  conditions 
in  the  number  of  correct  recognition  responses  made  during  the  first  few 
seconds.  In  terms  of  final  performance  (probability  of  correct  target  recog- 
nition), there  was  little  difference  between  the  2-,  3-,  and  4-bit  conditions. 

The  analysis  of  variance.  Table  17,  indicates  that  the  main  effect  of  grey 
shade  rendition  failed  to  attain  statistical  significance. 

Spatial  Quantization.  The  main  effect  of  spatial  quantization  can 
be  seen  in  Figure  18.  As  can  be  seen  from  the  graph  there  was  a slight 
indication  that  the  71  pixel  quantization  fostered  higher  percentages  of  correct 
target  recognition  between  8 and  20  seconds.  Terminal  performance,  however, 
appeared  almost  identical  for  the  two  conditions.  Analysis  of  variance  of  the 
main  effect  indicates  that  this  variable  failed  to  attain  statistical  significance. 


Figure  18.  Probability  of  finding  target  as  a function 
of  time  and  display  spatial  quantization. 


Sensor  Resolution.  The  main  effect  of  sensor  resolution  can  be 
seen  in  Figure  1^.  As  can  be  seen  from  the  graph,  probability  of  correct 
recognition  under  the  high  sensor  resolution  condition  reached  80  percent  after 
the  first  five  seconds  of  the  trials  while  the  corresponding  percentage  for 


Figure  19.  Probability  of  finding  target  as  a function 
of  time  and  radar  resolution. 


the  low  resolution  was  only  43  percent.  The  high  sensor  resolution  retained 
its  superiority  over  the  low  resolution  through  the  duration  of  the  trials  with 

ItTlTr!  Pcrf°r,ma™;e  ^aching  98  percent  for  the  high  sensor  resolution 
and  70  percent  for  the  low  resolution.  This  difference  was  satistically  sicnifi 
cant  at  the  0 05  level.  Calculation  o'  the  statistic  Eta  showed  Sat  ScefXS  o 
sensor  resolution  accounted  for  80  percent  of  the  total  experimental  variance. 

Interactions.  None  of  the  interactions  was  statistically  significant 

?£*Jhe/eSlllt8  °f  thf  co.mbination  of  high  and  low  resolution  radar  with 
each  of  the  display  quantization  levels  are  shown  in  Figure  20. 

Electro-Optical  Studies 

Electro-optical  ground  mapping  sensors  are  not,  as  is  radar 
generally  restricted  to  operate  against  stationary  and  relatively  large  targets 
or  some  application*  they  may,  of  course,  be  used  to  find  fixed  targets 
whose  location  is  known  a priori,  and  in  this  instance  the  operator's  task  is 
similar  to  that  which  obtains  in  radar.  That  is,  the  operator  will  locate  the 

tareet  ^£\°h  ^ ndmark  cues  as  weU  a*  the  signature  of  the 

Lh8,h‘  nt?  ^tHer  ^nd’  these  8ensors  maY  also  be  used  to  recognize 
and  identify  fleeting  and  non -stationary  small  tactical  targets.  For  the 

operator,  this  is  a completely  different  task  than  finding  a ground  target 
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34  PIXELS 


71  PIXELS 


34  PIXtLS 


HIGH  PE  SOLUTION  RADAR 
MEDIUM  RESOLUTION  RADAR 


nhisabUityto  TtrZtT.l?  *?  g?“U  o£  *»«  -nUx.ua! 
turn,  ma7req“re  ft.  df- P !‘g”ature  c*°™  the  di.played 
. The  recognition  task  thermo  1°”  °*  smal*  modulations 
a variation.^  quanfeod  vid  * ’ “ 'XpeCt'd  ba  ">«h 

tudies  were  undertaken  to  investigate  the  , 

ntization  interval  on  onerat^e  t e“ect*  of  spatial 

*«.  e.g.  -hire  ^eZZ  ilee^Z""^^  f<”'  b°lh  kind* 

»d  where  the  task  tn  utl  l811reUtlvely  large  and  its 

purpose  of  this  report  these  ta  C<?gniz * a 8ma11  tactical 
iefed  target"  and  "H  L ,have  been  called 

rget  and  Recognizing  a Vehicle"  respectively. 

wh e -Tperiment’’ tha  U,k  tor  U,e 
elevision  sensor  The  targets  ^ jV£.ded  by  a 8*mulated 
* operator  was  briefed  on  the  nl^H^i^  bridges»  Gildings, 
mental  variables  are  listed  in  Table11//.'  targCt  h°  W*8  t0 


TABLE  18.  EO  STUDY  EXPERIMENT  PARAMETERS 


Independent  variables 
Spatial  quantization: 

Gray  scale: 

Fixed  conditions 
Display  size: 

Luminance: 

Ambient: 

Brightness  transfer  function: 
Imagery: 

Subjects: 

Dependent  variables 

Time  to  designate  target 
Error 


34  pixels  per  inch 
71  pixels  per  inch 
8 gray  shades  (3  bits) 

16  gray  shades  (4  bits) 

32  gray  shades  (5  bits) 

7-1/4  inches,  square 
10  fL 
10  fL 

Visually  optimized  for  each  image 
Oblique  aerial  photographs 
12  Hughes  engineers 


Targets.  A represesentative  target  used  in  the  study  is  shown  in 
Figure  21,  The  targets,  target  aimpoints,  general  target  locations,  and 
useful  cues  around  the  targets  are  given  in  Table  19. 

Imagery.  The  images  from  which  the  targets  were  selected  were 
taken  from  medium  altitude  oblique  photography.  The  originals  were  copied, 
cropped,  and  prepared  for  use  in  the  simulator.  Examples  of  one  target  in 
the  various  experimental  condition  are  illustrated  in  Figure  22. 
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Equipment.  With  some  minor  changes,  equipment  was  identical  to 
that  used  for  the  radar  study.  To  simulate  closing  on  the  target,  the  zoom 
lens  was  driven  to  go  through  an  excursion  of  20  to  1 in  60  seconds.  What- 
ever the  initial  range  of  the  target,  the  range  at  the  end  of  60  seconds  was 
l/20th  of  the  initial  range.  The  operator  was  provided  with  a hand  control 
(see  Figure  16)  which  allowed  him  control  of  sensor  Az-El  line  of  sight. 

Using  this  control,  he  could  place  the  target  under  a reticle  at  the  center  of 
the  display.  A trigger  on  the  hand  control  stopped  the  zoom  lens  and  dis- 
abled the  hand  control.  A digital  timer  started  at  problem  initiation  and 
stopped  when  the  observer  pulled  the  trigger.  Time  and  error  scores  pro- 
vided the  performance  data. 

Operator's  Task.  The  task  of  the  operator  was  to  find  the  target  as 
quickly  as  possible  and  by  use  of  the  hand  control,  place  it  under  the  display 
reticle  and  designate  by  pulling  the  trigger.  Prior  to  each  trial,  the  observer 
was  briefed  on  the  particular  target  he  was  to  acquire.  Vertical  aerial 
photographs  of  the  target  and  target  area  were  used  for  this  purpose  (see 
Figure  23).  Likely  cues  in  the  target  scene  were  pointed  out.  During  train- 
ing trials,  the  procedures  were  demonstrated,  and  the  purpose  of  the  experiment 
was  explained  to  the  subject.  Examples  of  all  combinations  of  experimental 
conditions  were  shown.  In  the  experimental  runs,  each  subject  was  allowed 
all  the  time  he  needed  to  brief  himself  before  a trial  started.  When  he  was 
ready,  he  was  told  the  experimental  conditions  for  a trial,  the  display  was 
uncovered,  and  the  trial  initiated.  Time  to  acquire  and  errors  were  scored. 

Results.  The  main  effects  of  pixel  number  and  gray  scale  quantization 
are  plotted  in  Figures  24  and  25.  The  plots  arc  cumulative  probability  as  a 
function  of  time.  There  is  a clear  performance  superiority  for  the  71  pixel 
display  and  for  the  5 bit  gray  scale. 

Recognizing  A Vehicle.  In  this  experiment  the  task  of  the  operator 
was  literally  to  recognize  a small  tactical  target.  That  is,  he  was  required 
to  name  the  class  to  which  a target  belonged.  This  recognition  task,  there- 
fore, was  expected  to  be  much  more  sensitive  to  variations  in  quantized  video. 
This  study  was  undertaken  to  study  these  effects.  The  experimental  variables 
are  listed  in  Table  20. 

Targets.  Six  experimental,  three  dummy,  and  four  training 
targets  were  chosen.  The  targets  were:  jeep,  helicopter,  2-1/2-ton 

truck,  tractor,  tracked  howitzer,  and  an  armoured  personnel  carrier 
(See  Figure  26). 

Imagery.  The  images  from  which  the  targets  were  selected  were 
taken  from  low  altitude  oblique  aerial  photography.  The  originals  were  copied, 
cropped,  and  prepared  for  mounting  in  the  equipment.  Examples  of  one  target 
in  the  various  experimental  conditions  are  illustrated  in  Figures  27  through  32. 
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Figure  c.L.  Quantized  KO  image  under 
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iAhLE  20.  ELECTRO-OPTICAL,  STUDY 

INDEPENDENT  VARIABLES 

SPATIAL  QUANTIZATION:  34  PIXELS  per  inch 

71  riA^LS  per  inch 

GREY  SCALE 

QUANTIZATION,  8 Grey  Shade.  (3  bit.) 

16  Urev  Shades  (4  bits) 
32  Grey  Shades  (5  bits) 

FIXED  CONDITIONS 

Display  Size:  7-1/4  inches,  square 

-Luminanc  & i jq  £j^ 

Ambient:  10  fL 

~~  ^ ~e.v.tion:  Visually  optimized  for  each  image 

Imagery:  Oblique  Aerial  Photographs 

Subjects.  12  Hughes  Engineers 

DEPENDENT  VARIABLES 
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igure  26.  Targets  used  in  experiment. 


Figure  27.  Tracto’-:  34  p 
8 g ray  shades  (3  bits) 


Figure  28.  Tractor:  34  pixels 
16  gray  shades  (4  bits). 


9.  Tractor: 
gray  shades 


34  pixels 
(5  bits). 


Figure  3 0.  Tractor:  71  pixels 
8 gray  shades  (3  bits). 


Figure  31.  Tractor:  71  pixels 
16  gray  shades  (4  bits). 


Figure  32.  Tractor:  71  pixels, 
32  gray  shades  (5  bits). 


increased  the  size  of  the  image.  His  task  was  to  increase  the  image  size  until 
he  was  reasonably  certain  about  wtiai  the  larnot  ,i,nc  *-h-  ~ i — 

' O J — ' t-*<  v-a*  1X1 X1C  tilt.  U U3  C I V C 1 

made  a response,  it  was  recorded,  and  the  size  of  the  image  was  measured. 

The  observer  continued  magnifying  the  image  r.nd  correcting  his  original 
response,  if  necessary,  until  he  reached  the  maximum  magnification.  The  point 
at  which  the  first  correct  response  was  made  provided  the  basic  data  for  the 
results. 

Results.  The  size  of  the  target  at  correct  recognition  was  the 
primary  dependent  variable.  For  each  trial,  the  longest  dimension  of  the 
target  at  correct  recognition  was  recorded,  "in  addition  the  number  of  pixels 
across  the  target  was  calculated  for  each  trial.  Means  and  standard  deviations 
for  size  and  for  pixels  per  target  (definition)  were  calculated  for  each 
condition. 

The  results  are  illustrated  in  Figures  33  through  36  and  tabulated  in 
i able  21.  Gray  scale  quantization  yielded  poor  performance  for  3 bits  (8 
shades)  but  there  was  very  little  difference  between  4 and  5 bits.  This  was 
true  overall  anti  within  each  of  the  spatial  quantization  levels.  The  level  of 
spatial  quantization  affected  operator  performance  markedly.  Averaged  across 
grey  scale  quantizations,  the  targets  were  recognized  at  0.  44  inch  for  the  71 
pixel  display  and  at  0.  63  inch  for  the  34  pixel  display.  On  the  other  hand, 
fewer  pixels  were  required  lor  recognition  at  the  coarse  spatial  quantization 
than  at  the  fine  quantization;  about  21  pixels  for  coarse  to  31  for  fine.  This 


86 


, 1 1 1 1 1 1 I 

DEFINITION  ATJ 34  NX.  MS*.  8.5  13  17  21  26  30  34 

RECOGNITION  1 71  FIX.  DISP.  18  27  36  45  54  63  71 


Figure  35.  Probability  of  recognizing  target  as  function  of 

display  resolution. 
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Figure  36.  Probability  of  recognizing  target  as  a 
function  of  gray  level  bits. 
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TABLE  21.  RESULTS  SUMMARY 


8.  cral  relationship  holes  across  gray  scale  quantization  levels.  Analyses 
o variance  were  calculated  for  both  target  size  and  definition  (number  of 
pixeis  per  target).  Eta's  were  also  calculated  for  each  variable.  Eta  pro- 

The6  results  °f  the  Percent  variance  accounted  for  by  each  variable. 

Ine  results  of  these  analyses  arc  shown  in  Tables  23  and  24. 

These  data  may  be  converted  to  relative  performance  score*  bv 
normalizing  to  percentages.  Using  the  size  criterion,  the  best  performance 

?Sied  Wlth  711flxelf  and  32  SraV  shades.  If  this  performance  is 
called  100  percent,  the  relative  performance  of  the  ofche*  condition-  i-  a- 
shown  in  Table  25.  Usina  the  definition  critcri-  M ” 5 “ 

obtained  with  34  pixels  and  32  ££ ‘shade. If fti.  £*r 

• T*,rfr<V/‘  thp  relatlve  performance  of  the  other  conditions  is  as  shown 
in  c, u. 

Discussion 

the  resul,l“|.0f  f*10 ®e  two  experiments,  taken  together,  demonstrate 

the  dependence  of  display  design  criteria  on  the  task  of  the  operator.  The 

UrTefed  mat  when  tfte  operator  is  thoroughly 

b icfed,  is  looking  for  a target  whose  coordinates  are  known,  and  uses 

|a"  pm;rk;.;nd  C7ieXt,Ual  fues  to  find  the  tar8et>  thc  resolution  and  gray 

maior  effe^f0*”  °f  ?C  ^lSplay  Can  vary  °ver  a wide  ran8e  without  having  a 
majo  effect  on  radar  target  recognition  performance.  The  critical  variable 

’ °f|.C°UHrS^’  h®  chaijacteristics  of  the  sensor:  the  high  resolution  radar 
66 ^ a different  world  than  the  medium  resolution  radar  and  the  fact  that 
those  different  worlds  may  be  mapped  to  the  display  af  different  display 
resolutions  makes  little  difference.  A small  difference  occurs  when  the 
gray  scale  quantization  falls  below  3 bits,  therefore  3 bit  video  is  the 
recommended  radar  video  quantization  for  the  MMSDS. 

Performance  in  finding  a prebriefed  target  using  an  EO  sensor  is 
somewhat  more  sensitive  to  display  quantization  variations.  Performance 
was  better  with  the  higher  resolution  and  higher  number  of  gray  scales  It 

IL  JT1  ‘he  effectB  of  a“«  triable,  are  ditoren*  ?n  ft.  radar 
case  and  the  electro -optical  case  in  spite  of  the  fact  that  the  tack  r f tba 
operator  - finding  a prebriefed  target*-  is  nominally  tt  sam^ 

__  . In  ***?  E9  sen80r  case,  the  quantization  intervals  provided  the  limiting 
apertures  for  the  system.  A change  in  the  spatial  reBolStio?-  the  pixeT 

ft«Tift~  8 k"°‘  °nly  dlsPIay  but  ““  ground  resolution.  Performance 
therefore,  can  be  expected  to  be  more  sensitive  to  quantisation  v.rUtto.“ 

,r  Ai  secon£  order  effect  is  hypothesized  to  occur  because  of  formattine 
....  display  ot  the  radar  data  is  in  exactly  the  same  coordinate  .VsftSv. 
the  reference  aids  that  the  operator  used  to  brief  him. el” “ refe«nce 

£tteir”iUnd£h-°rkgr*Pd',,?nd  the  r,d*r  m*p  *re  both  plan-position  and  the 
easv  to  »dt  kd."  and  othe5  cues  »re  congruent.  This  makes  it  relatively 

knoXn  fro^  X radar  *iv*n  it8  relation  to  landmarks  is 

from  the  briefing  photograph.  With  the  forward  looking  EO  sensor 

worfd ?s  oL  MC8Se^a  17  a PerSpeCtive  transformation  of  the  ground, tte ’ 
world  is  considerably  foreshortened,  and  there  is  no  direct  congruence 


91 


TABLE  22.  ANALYSIS  OF  VARIANCE  SUMMARY:  TARGET 

SIZE  AT  RECOGNITION 


Source  of 
Variation 

1 Spatial 
Quantization 

2 Grey  Shade 
Quantization 

3 Targets 
i x 2 
1x3 
2x3 
1x2x3 

B spUmtfnns 
Totals 


Degrees 


Sum 

Squares 

Mean 

Square 

F -Ratio 

0.6463 

0.6463 

18.42 

0.5985 

0.2992 

8.53 

1.2009 

0.2401 

6.84 

0.0295 

0.0147  . 

0.42 

0.7811 

0. 1562 

4.45 

0.5030 

0,0503 

1.43 

0.5050 

0. 0505 

1.44 

1.2633 

0.0350 

5.5281 

Change 

robabilit 

0.  001 
0.001 
0.001 

0.01 


TABLE  23.  ANALYSIS  OF  VARIANCE  SUMMARY:  DEFINITION 

AT  RECOGNITION  (U) 


Source  of  Variation 

1 Spatial  Quantization 

2 Grey  Shade  Quantization 

3 Targets 
1x2 
1x3 
2x3 
1x2x3 
Replications 

Totals 


DF 

SS 

MS 

F 

P 

1 

1708.8 

1708.8 

23.81 

0.  001 

2 

1413.2 

706.6 

9.85 

0.  001 

5 

2335.5 

471. 1 

6.56 

0.  001 

2 

39.6 

19.8 

0.  28 

5 

1342.2 

268.4 

3.  74 

0.  01 

10 

1563. 9 

156.3 

2.  18 

0.  05 

10 

1568.8 

156.8 

2.  19 

0.  05 

36 

2583.  8 

71.7 

71 

12576. 1 

relative  performance  using  size  criterion 


Spatial  Quantization 


Intensity  Quantization 


3 bits  (8  shades) 

4 bits  (16  shades) 

5 bits  (32  shades) 


RELATIVE  performance  using  definition  criterion 

Spatial  Quantization 

34  Pixels  Per  Inch  I 71  Piv^l*  t„ 


Intensity  Quantization 


3 bits  (8  shades) 

4 bits  (16  shades) 

5 bits  (32  shades) 


I'Z  ! iorward- looking  sensor  image  and  the  vert 
which  the  operator  was  briefed.  The  system  therefore 
the  granularity  of  the  mapped  information  - the  pixel  cc 
scale  quantization. 


tairl.  . v.  \a . •T"  , * Iuncuon  01  »e  number  of  quantized  grev  levels 

takes  a sharp  dip  when  the  grey  levels  fall  below  16  (4  bits).  The  loss  in 
performance  as  a function  of  grey  levels  is  portrayed  in  Figure  37 

fixed  Jtn  thC  8iZe  and  8Cale  factor  of  display  is 

* t 1 ****  * ® hi8he r resolution  display  (71  pixels  per  inch)  vie] 

better  performance;  recognition  occurred  when  the  target  was^  44  inch  in 

Hon'  Thihe  hlg  “ r'"n  18  to  0.63  4h  ,ife  Tor  the  fow  re  “ 

high  r.?oluSdiC.pl^  " arge‘  Wi"  bC  reC°gni2ed  at  «"•*«  range  with  ti 


Figure  3 7.  Relative  recognition  performance 
as  a function  of  gray  scale  quantization. 

If  on  the  other  hand,  there  are  no  constraints  on  the  display  size, 
better  performance  will  be  obtained  with  the  coarse  resolution  display  (34 
pixels  per  inch).  The  data  show  that  22  pixels  across  the  target  are  required 
when  the  coarse  resolution  is  used,  but  31  pixels  are  required  for  the  high 
resolution  display.  In  these  circumstances,  the  target  will  be  recognized 
at  longer  range  with  the  coarse  resolution  display. 

The  most  convenient  hypothesis  to  account  for  these  paradoxical  data 
is  one  that  involves  both  the  MSF  of  the  eye  and  the  cognitive  demand,  i.  e. , 
the  amount  of  information  needed  to  reach  a conclusion  about  the  object  being 
viewed.  With  the  high  resolution  display  viewed  in  the  experimental  condi- 
tions described,  each  pixel  subtended  2 arc  minutes  and  with  the  coarse 
resolution  4 arc  minutes.  This  corresponds  to  15  and  8 cycles  per  degree 
respectively.  Examination  of  the  psychophysical  MSF  data  show  that  the 
modulation  required  for  a 15  cycle  (30  pixel)  image  is  considerably  greater 
than  that  for  the  8 cycle  (16  pixel)  image.  This  implies  that  the  small 
modulations  between  individual  pixels  can  be  more  easily  discriminated 
visually  when  the  pixel  size  conforms  to  the  spatial  frequency  where  the 
luminance  threshold  is  lowest,  i.e.,  16  pixels  per  degree.  The  coarse 
resolution  display  satisfies  that  visual  condition,  and  the  limit  to  recognition 
performance  is  therefore  contingent  on  the  amount  of  information  provided 
the  operator.  In  these  experiments,  the  recognition  task  of  the  operator 
required  about  22  pixels  (IP  line  pairs)  across  the  major  axis  cf  the  target. 
Targets  were  not  recognized  with  the  high  resolution  display  (30  pixel/ 
degree)  when  the  same  number  of  pixels  were  laid  across  the  target.  This 
is  probably  because  a spatial  frequency  of  30  pixels  per  degree  requires 
more  modulation  for  discrimination  than  does  15  pixels,  and  *he  required 
modulation  did  not  exist  in  the  target  images. 
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hese  prehmmary  results  suggest  a constant  product  rule  first 
proposed  by  Erickson  (Ref.  7)  that  within  limits,  may  be  used  in  display 

7?lS  rule.says  that  equ‘valent  performance  will  be  achieved 
when  the  product  of  target  size  and  definition  is  constant.  Target  size  is 

expressed  in  minutes  of  arc  subtended  at  the  observer's  eye  and  definition 
as  the  number  ox  pixels  per  target  major  axis.  For  the  rase  in  hand  the 

equalani430OaUUt  IOr  Pr °^ablUty.  of  recognition  and  at  least  32  gray  shades 
q ..  Slng  tbe  data  frorr>  this  pilot  study  and  some  corollary 

ta7CeTPeubLn-c  P °,  Vari?S  Pro^ahiiitie s of  recognition  as  a function  of 

b T i?1XClS  Ptr  tareef>  and  graV  scale  quantization  has  been  con- 
structed  and  is  shown  in  Figure  38.  The  circles  indicate  data  nnin^ 

tted  lines  extrapolations.  These  curves  should  be  considered  as  working 
hypotheses  that  require  further  empirical  confirmation.  g 

2.  3.  3 Summary 


The  results  of  the  analyses  and  experiments  related  to  operator 
requirements  can  be  summarized  in  tabular  form  to  provide  Lundary  values 
of  design  characteristics  based  on  operator  performance  (Sec  Table  26)  The 
p eceding  text  explains  more  fully  the  variations  in  performance  that 
FroLTh*^  desi£u  chauges  and  supplies  the  rationale  for  the  tabulated  values 
f:™  rCSe  result,s  *}  dl.8PlaY  density  of  approximately  100  lines  per 

inch  The  rRT611^ JUn  a maximum  quantized  display  density  of  100  pixels/ 
rate'  D^itafJ  ®hould  use  a B^en  phosphor  and  be  refreshed  at  a 60  Hz 

Ind  at  L8  ] w f vldeo  sh°uld  be  displayed  with  a 3 bit  intensity  quantization 
and  at  least  4 bits  if  required  for  digitized  Electro- Ootical  Sensor* 


>4  BITS  (16  GREY  SHADES) 


DEFINITION.  PIXELS  PER  TARGET 


S8S 


3.0  DESIGN  PERFORMANCE  CRITERIA 


1 — ^or  Design  Parameters  and  Summary  of  System  Requirements 

been  dilcnn*?!*1 sor  characteristics  and  human  operator  requirements  have 
been  discussed  in  the  preceding  section.  The  purpose  of  this  section  is  to 

define  the  parameters  which  must  be  specified  in  the  design  of  the  modular 
multisensor  display  system  and  to  derive  quantitative  eval^tion  crUerU  to 
measure  the  system  performance  as  a function  of  these  parameters  Emoha 

£"  "t X " PlaCCd  °n,C,fabli6hing  d-ign  parameter  values  wS 

do  not  degrade  the  sensor  capability.  Where  necessary,  the  Dractical  limi 
tations  imposed  by  the  operator  characteristics  or  instlllatioS  limitations 
are  used  to  modify  the  specified  parameter  values.  A summary  of  the  maior 

*3.^  and  thC  CritCria  f°r  selecting  mechanization  values  is 

The  main  elements  of  a digital  scan  converter  display  system  are 
for  earlh^i.gur\39'  ?h*  *ey  ?esi8n  parameters  which  must  be  specified 
svsfom^fo1  bel°W  each  functional  bl°ck.  A specific  display 

the  othe  eTJ f"  T ^ by  the  sen8or  characteristics  and  on 
rwunement«  ^ ? .°perat°r  characteristics  and  mission  performance 
requirements  or  task  requirements,  i.e.,  detect  airborne  targets  or  recov 
mze  a specific  type  of  ground  vehicle.  The  operator  characteristics  and  the 
task  requireme„ts  have  the  major  influence  on  the  design  requirements  for 
the  display,  such  as  size,  resolution,  brightness  and  contrast.  The  resolu- 
ion  requirement  at  the  display  determines  the  resolution  requirements  for 

mentrdnetCe?mfoeeth^in  mem°ry'  while  the  briShtn^  and  Contrast  require- 

range*  gamma»  and  ima8e  enhancement 
equirements  in  the  input  and  output  processing. 

al  ..The  f°U°wing  paragraphs  provide  a detailed  discussion  of  the  des;en 

dfonhf41011  <Triteria  ™hich  can  be  U8ed  ^ determine  the  requirements  for  th£ 
display  system  mechanization  or  to  evaluate  the  performance  of  a particular 
sys  em  mechanization.  The  application  of  this  design  criteria  should  in  mn«5t 
res“l*  in  * design  that  does  not  degradl  the .. n“o, p«ltrm“nce 

ttwif”  18  °ne  jrea  al  desi*n>  which  ls  difficult  to  specify  quantita-  ' 
lively  with  the  current  data  available,  and  this  is  the  area  of  the  vid«  inten 

bits  3a"|  5 orC6°bitsT*  sel,ection  optimum  number  of  quantization 

] s,  .*»  4?  or  b blts:  the  abape  of  the  transfer  function,  linear 

trast  enhance ment° 8 • 2 ' S°me  °ther  non-iinear  function;  the  effects  of  con- 

«ensit!vUv  to rOCeS”m8:  and  ‘he  aC,Ual  °P'rator  Performance 
sensitivity  to  these  functions  is  not  completely  understood  at  this  time  Some 

prelirmnary  ?atf  °n  operator  performance  as  a function  of  gray  shade  quan- 

mentR°n  W8fiI"Cl^Uded  in  th*  Preceding  section  on  human  operator  require- 
ments, but  this  data  represents  only  a limited  sample  and  cannot  beeener 

^veloXPr.ydlua!i  “e"8:  C°Dtinai^  e(f”“  sh°“W  applied  to 

t°  the  smT^or^ist^shTblished^n^ect'ion^an^tlie'^^ultam^disp^y^ysT^m4^^*^ 

mechanization  parameters  for  each  sensor  system  is  tabulated  i^Ta  ble  28. 
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vide  ground 
sweep  correction 


Table  27.  (Continued) 


stored 


Television 


ANALOG 
VIDEO 


A/D 

CONVERTER 


• DYNAMIC 
RANGE 

• SAMPLING 
FREQUENCY 


INPUT 

PROCESSING 


IMAGE 

STORAGE 

(MEMORY) 


• INTEGRATION  • RESOLUTION 


• INTENSITY 
transfer 
FUNCTION 

• IMAGE 
ENHANCEMENT 


• DYNAMIC 
RANGE 

• COORDINATE 
CONVERSION 

• STORAGE  TIME 


r 


D/A 

CONVERTER 


• DYNAMIC 
RANGE 

• TRANSFER 
FUNCTION 


OUTPUT 

PROCESSING 


• GAMMA 
CORRECTION 

• BANDWIDTH 
FILTER 

• IMAGE 
ENHANCEMENT 


DISPLAY 

MONITOR 


• SIZE 

• RESOLUTION 

• BRIGHTNESS/ 
CONTRAST 


Figure  39.  Major  functional  elements  of  the  digital  scan  converter 

display  system. 


3.  2 Analog  to  Digital  Conversion 


car  sampler^nd  aTg'u'l’o  Ztiz.'r  °'two  components:  a boa- 

Figure  40.  The  boxcar  .am^L  ";ve«!  ^7n^OWn  sch'™««Uy  in 
pulses  of  duration  r,  and  then  .in!  “ th« • ana  log  signal  to  a train  of 

pulse  amplitudes  to  a set  of  discrete  levels^  Th  * C°n‘inuous  range  of 

r‘in  ttenledXSut  fn(oDaCOn- 

bytthe  act  of  quant, rat, on  and  th.r;fore%.c%~  ^rto^f^"018' 

verier.  ^."a/'D  cX'rt.r.am^^  ‘fhth'  COD' 

sufficient 

samples  taken  by  the  A/d/  In  this'section  ^the^eff  ^ feProd,uce  »U  °f  Ihe 
tization  on  system  MTF,  dynamic  ranee  ar,?!'  ffe,ct4  °f  samPlln8  and  quan- 
discussed.  ™ ® e * and  81gnal-to-noise  ratio  are 

3.  2.  1 Sampling  Rate 

frequencfes^of  Intere^ in^e  Tensor ^fdeo^o^ea^ch1^^1^^^ 

introducing  a minimum  of  aliasing  The  wli  f dl8Play  dimension  while 
first  established  for  the  sensor  "n  term!  frequency  of  interest"  is 

quency  represents  the  resolution  limit  r ti,  ensor  parameters.  This  fre- 

a point  where  increasing  the  frequency  yields  Uttl^  ^ defined  at 

mation.  The  sensor  video  is  then  asllJt  little  meaningful  sensor  infor- 
fp,  and  the  Nyquist  .ampline  crkerinn  ^ 1-  i°  be Actively  bandlimited  at 

t2e  bandlimiting  spatial  frequency  f is  aT^,i-  !!!*  *7°  8amPles  Per  cycle  at 
of  samples.  P ai  tre<luency  fo  i«  applied  to  derive  the  required  number 
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F-4C 

AN/APQ 

-100 


F-4D 

an/apq 

-109 


F-4F. 

AN/APQ 

-120 


F- 1 06 A,  U 
MA-I 

AN/APQ-25 


A-7D 

AN/A.JQ 

-126 


Attack  Rdr 
AN/APQ- 1 1 3 


Display  Formats 


Special  Requirements 

Numbar  of  Displays 
Display  Sisa  (In.  ) 


n-Scan  Exp  U-Scan  Exp  li-Scon  Exp 


PPI-Exp 
TC-PP1 
E^-Sc an 


PPI-Exp 


Cnd  Rng  Swp  Cnd  Ung  Swp 


PPI-Exp 


Gnd  Rng  Swp 


^a/d*  Number  of  4 

Quantisation 
Bits 

*A/IV  M**lmum  i 5 

' Sampling 
Ereq  (Mils) 

Rj.  Maolmum  No.  of  1525 

Ranga  bins 

M,  Number  of  PRF's  16-50 

In  3 db  baamwidths 

0,  Integrator  Feedback  31/32 

Constant 

Total  accumulator  bits  9 

In  Integrator 

Lt  Racommendad  Gray  J 

Shade  Bits 

n,  Recommended  No.  of  512 
rang*  or  vertical 
elements  stored 

Rengv  bin  collapsing  1 

ratio 


7/8,31/32 


m‘  rssrrtf"'-  !i!  !?-*•■»  ii8  iu*sc«n) 


eslmuth  or  horl- 
eontal  elements 
stored 

Numbar  of  3 db 
entanne  beam  width  In 
•c  an  width 

Symbol  Refresh 
memory  alee  (kbits)** 

Sensor  Refresh 
memory  alea  (kbits) 

Recommended  TV 
rester  standard 

*D/A#  °/A 

frequency  (Mile) 

output  video  rolloff 
(Mila) 


256  (PPI) 


2 56  (PPI) 


2 56  (PPI) 


7/8.  M/32 


512  (PPI) 

128  (E-Scan) 


HI  !l!un*n)  256  !m>  U8  (®"^can) 

256  (PPI)  256  (E-Scan)  256  (PPl) 


75  (As) 
50  (Elev) 


^Requires  40  Mile  A/D  frequency  for  E*-Scen. 
Asetime  I bit  level  for  symbol  refresh  memory. 
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TABLE  28.  SUMMARY  OF  MECHAN- 
IZATION PARAMETERS 


At rc  raft /Radar  Syetem 

, — — r*Mn r f^Tk 

no  A.N/APQ-114  ANMPQ-m  APOkinr 


I PI  PPI 

PPl-Kxp  TC-PP1 


Gnd  Kng  Swp 


Attack  Hdr  T TF  Rdr  ” 
AN/APQ-128  AN/APQ- 1)0 


B-Scan 

wn 

Pin- tap 

Strip  Map 
Patch 


Gnd  Rfif  Swp 
2 

VSD  4x6 
MSI)  7x9 


TC-PPI 


r-i5 

AN/APQ 

-6) 


AN/APQ-  144 

U -Scan 
PPI 

PK*  Exp 


Multi  Scan 
Storage 
Dig  Vldao 
1 


D-Scan 

PPI 

PPI -Lap 
Strip  Map 
Patch 


Gnd  Rng  Swp  Gnd  Rng  Swp 

Dig  Video 
I 2 


Recommended  MMSDS 
Dealgn  Parameter* 
(include*  growth) 

B-Scan  E^-S 

»'«  TC  -I 

PPI- Lap 
St  rip  Map 
Patch 

Gnd  Range  Sweep 

Analog /Digital  Video 
Any 

10  Inch  Max 

4 (module  rly  expandable  to  6) 


915 

7-80 

7/8.  J1/J2 
9 
) 


512  (PPI) 

128  (E-Scan) 


128  (B-Scan)  256  (PPI) 

256  (PPI)  256  (E-Scan) 


75  (Aa) 

50  (Elav) 


1220 

9-50 

7/8,  J1/J2 
9 

J 

768 


256  (PPI) 


512  (PPI) 

128  (E-Scan) 


1.8 

1.0 

256  (PPI) 

256  (E-Scan) 

256 

75  (As) 
50  (Elav) 

45 

1)1 

65 

262 

196 

525 

525 

5 

2 

2-  5 

1 

915 

7-80 

7/8,  31/32 
9 
) 

768 


128  (B-Scan) 
256  (PPI) 


2048 

6-150 

7/8,  15/16,  31/ 32 
10 

programmable  truncation  to  2,  J or  4 


modularly  expandable  256-1024  in 
blocka  of  256 


peak  detection  range  bin  collapsing 
after  integration 

modularly  expandable  128-1024  In 
block*  of  128 


banc  memory  module:  256  x 256  x 1 
525  and  875  and  102) 

40 

programmable  1-20  MHa 


INTEGER 


UJ 


*,AV 
k,  AV 
K,  Av 


in 

"O 


OIGITAL 

ANALOG 

sample  AND 

ENCODED 

VIOEO 

BOXCAR 

HOLD  VIDEO 

nSIT 

VIDEO 

SAMPLER 

QUANTIZER 

.k4av 

ic4Av 


Figure  40.  A/D  converter. 

The  Modulation  Transfer  Function  (MTF)  of  a sampled  data  system  is 
a function  of  both  the  number  of  samples  taken  per  cycle  of  input  video  and 
the  phase  relationship  of  the  sampling  pulse  and  the  input  video.  A func- 
tional block  diagram  of  the  sampling  process  is  shown  in  Figure  41.  The 
average  modulation  over  all  phase  angles  can  be  computed  analytically  and 
is  the  magnitude  of  the  Fourier  transform  of  the  rectangular  pulse  response 

of  the  boxcar  sampler  or  the  function:  | ^ x | > where  x is  the  ratio  of 

input  frequency  (N)  to  sampling  frequency  (M). 


Figure  41.  Sampling  system. 

The  maximum  and  minimum  modulation  for  a specific  phase  relation- 
ship can  also  be  calculated.  These  three  functions;  maximum  modulation, 
average  modulation,  and  minimum  modulation;  are  plotted  in  Figure  42. 

Nyquist  sampling  is  represented  by  N/M  = l/2,  at  which  point  the 
average  modulation  is  2/ir  « 65  percent.  There  is  also  a maximum  variation 
of  modulation  with  phase,  since  the  minimum  modulation  is  0 percent  and  the 
maximum  modulation  is  100  percent.  Input  frequencies  such  that  N/M  > 1/2 
are  subject  to  aliasing,  which  means  that  although  the  output  modulation  may 
be  greater  than  zero,  it  will  be  at  a lower  frequency  than  the  input,  resulting 
in  distortion  of  information. 
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INPUT  CYCLES  PEE  SAMPLE 


NYQUIST 


Figure  42.  A/D  converter  MTF. 

The  singular  behavior  of  the  maximum  phase  curve  as  N/M  — 0 is 
explained  as  follows.  For  M/N  = 2K,  where  K is  any  positive  integer, 
i.e. , for  an  even  number  of  samples  per  cycle,  there  exists  a phase  for 
which  one  sample  is  taken  just  at  the  peak  of  the  sinusoid,  and  another 
sample  is  taken  just  at  the  minimum,  giving  100  percent  modulation  for 
that  phase.  On  the  other  hand,  for  M/N  odd,  if  one  sample  is  taken  at  the 
peak  of  the  sinusoid,  then  the  following  minimum  is  symmetrically  straddled 
by  a pair  cf  samples,  so  the  modulation  is  less  than  100  percent.  A simi- 
lar discussion  applies  to  the  minimum  phase  curve,  where  there  always 
exists  a phase  for  which  two  samples  are  zero  if  M/N  is  even,  and  only  one 
sample  can  oe  zero  if  M/N  is  odd.  As  the  number  of  samples  taken  per 
cycle  becomes  large,  i.e. , as  N/M  -*  0,  the  effect  of  one  or  two  individual 
samples  becomes  unimportant,  so  the  singularities  decrease  in  amplitude, 
and  all  the  curves  converge  to  jsin  ttx/ttx|. 

These  results  can  be  applied  to  the  computation  of  display  system 
sinewave  MTF's.  The  magnitude  portion  of  the  MTF  of  a system  which  is 
a cascade  of  several  components  is  the  pointwise  product  of  the  magnitudes 
of  the  MTF's  of  each  of  the  components  in  the  system.  Thus,  the  display 
system  MTF  is  multiplied  by  the  sensor  MTF  to  determine  the  overall 
system  MTF,  The  display  system  MTF  is  the  product  of  the  sampler  MTF, 
the  processor  MTF,  and  the  display  MTF.  Since  the  digital  memory  is 


discrete  in  nature  beyond  the  sampler,  the  memory  MTF,  M(f)  = 1 for  all 
frequencies  f passed  through  the  sampler.  In  other  words,  there  are  no 
further  MTF  losses  beyond  the  sampler  due  to  the  memory  in  a display 
system,  if  sufficient  memory  elements  are  provided  to  store  and  display 
all  the  samples  taken.  It  is  also  assumed  the  D/A  has  a much  wider  band- 
width than  the  rest  of  the  system. 

A complete  display  system  MTF  is  the  combination  of  the  cascaded 
A/D  converter  and  display.  The  MTF  in  Figure  42  can  be  converted  to  a 
more  standard  form  as  follows.  Each  cycle  represents  a line  pair.  There 
are  n resolution  bins  in  a line,  say,  for  a k-inch-display.  Then  at  the 
Nyquist  frequency, 


1_  Input  cycles  ^ 1 line  pair  _ n samples  _ n line  pairs 
1 Sample  x Input  cycle  x Tc  mi  2k 


For  example,  assume  768-resolution  element  samples  across  a 
10-inch  rectangular  display,  so  n/2k  = 38,4  TV  lines  per  inch  is  the  point 
on  the  digital  sampling  MTF  curve  corresponding  to  the  65%  MTF  response. 
Assume  a gaussian  display  spot  with  a 0.  010  inch  two  sigma  (2<r)  spot  width. 

The  MTF  response  for  a gaussian  spot  is  of  the  form  e-^ftraf)  t so  for 
f = 38.4  TV  lines  per  inch,  the  CRT  MTF  response  is  47%.  Combination 
of  the  two  MTFs  by  multiplication  is  shown  in  Figure  43,  which  represents 
the  display  system  modulation  transfer  characteristic. 


SPATIAL  FREQUENCY,  LINE  PAIRS/INCH 


Figure  43.  DSC  /display  system  sine 

MTF 
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radar  ,»g7«Vlfr„ret’,'  ft^arelT"^”8,'^  ‘S  f"  each 

time  varying  clock  rate  as  a function  of  ilS  requi,ring  a 

format! 

ss^jsszz?  FuncL“1  z ;=“-  “£•  se“or- 

E-Square  Scan 

play  presen  tat  Um^to  expand  ^Tliear1  ra  ng  e^^r  td  on  ^f^thtT  ^ -^,an®  6 sweeP  dis' 
This  is  done  to  provide  high  resolution  Jf  Portlon  of  the  video  returns. 

terrain  in  the  flight  path  at  longer  ranges  aS  Wel1  aS  disPlaY  °f 

is  usually  of  the  form  g * 6 range  sweep  on  the  display 


X = R (l 
max 


e-KR, 


S'aUy  io  IS,  *he  f SpUy’  Rm»  is  «*  ™.»«»  range 

scale  Scti  “f«* eLmpte  T^?7°“‘  a?8'  a"d  K *9  th'  *Pp4ri..e 
one-half  .he  display  width,  '.hen  for  x/R™L  '^"at  R V Tlta*  ‘° 


e'**1  s 1/2 


K 


= 0.  7 


It  must  be  pointed  out  that  in  thi 


greater  than  3/R^  allow  gJL.  > 0.  95  at  R = R 


S expression  for  X,  K must  be 


max 


max* 


■weep  is  cllc^tedX'dYffere'tSg  ^ ^he'tan^lweep  '*"®e 

'A/D  * £ ' RRmax  P'KR  f = KRma>  «-K\ 


7^n  be  ^re..,.rS“a'.”Cy  9a">PU”8  «< 


range  sweep. 


fo  = R 


N 


max 


12. 36  x 10-6 
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e^res^ion  foiSfth/C  t0tal™m^er  °J  ran8e  samples  across  the  display.  The 
expression  for  fA/D  is  plotted  in  Figure  44  for  several  values  of  N assum- 


ing R 


max 


10  nautical  miles  and  K = 0.  7. 


Ground  Range  Sweep  Correction 

ling  . c°r«-t  range  satnp- 

in.erv.ls  „t  slant  range  which  ”1?’  Stac“.  ?h" 

I he  geometry  of  the  problem  is  shown  in  Figure  45  TV.o  r *. 

.S  iiy.ng  straight  and  level  over  relatively  flat  terrain  at  an  aMtud^  h 
an  range  is  designated  Rs  while  ground  range  is  designated  RS 
ground  range  is  divided  into  N equal  intervals.  designated  RB-  The 


For  small  A0 


K 


AR 


s Rg  cos  eR 


K 


N 


-m 


K 


vC 


* (*$) 

(where  K represents  an  integer  number  of  range  bins) 


s ince 


Rf  = ARg 
N 


AR 


AR 


K 


K 


Vi  * (-M 

\KARg/ 


Then 


A/D  SAMPLING  RATE,  MHz 


Figure  44.  A/D  sampling  rate  as  a function  of 
range  for  exponential  scan  display. 
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R#  (N  RANGE  BINS) 


Figure  45.  Ground  range  sweep  correction  geometry. 
S c AtK 

Since  ARk  = — ^ — where  C is  the  speed  of  light, 
then 


K 


1 

Atk 


2ARg 


miles  aid  R8'8  ^Jted.ifor  .AI^f.  = ^7  for  various  values  of  h for  Rg  = 10 
miles  and  R - 100  miles  in  Figures  46  and  47. 

E-O  Line  Scan  Sampling 

arises  IS'  to, thlt  of  «*  (found  range  sweep  correction 

arises  with  a down  looking  electro-optical  sensor.  The  problem  is  to 

look7nVrndr°  “amPlln8  frequency  which  will  provide  a display  for  a dowr 

Figure*  «°  ‘“he  Eo’s^i’o'”  °rm  8.r°Und  8*mPlin8  toterval.  as  shown  in 
X Th  ,EO  sensor  8c»n8  at  a constant  angular  rate  (w)  directlv 

arffifsfb.  the  * directi°n  ^ ■« 


TIME,  mSEC 


Figure  46.  10-mile  ground  range  sampling  requirement. 

The  sampling  frequency  needed  to  obtain  equally  spaced  samples  in 
the  x direction  is  given  by: 


f 

x 


hu>  . cos  6 
Ax  cos  ip 


where 


Ax  is  the  resolution  increment  chosen  in  the  x-direction 
u>  is  the  angular  scan  rate  of  the  sensor 
h is  the  height  of  the  aircraft 


e sampling  requirement 


e ^8*  Geometry  of 
ward  looking  line 
•can  sensor. 


V is  the  initial  angle  of  the  sweep 

G is  angle  of  the  sweep  at  any  time. 

Figure  49  indicates  the  required  variation  in 
typical  set  of  conditions. 


sampling  frequency  for  a 


r igure  49.  EOLS  sampling  frequency. 


3'2*2  A/D  Converter  Dynamic  Range 


is  the  maximum  voltage  quantized  quantization  and  Vmax 


V 

MAX 


2nV 


MIN 


f 


where  n is  the  number  of  A/D  bits, 
definition 


The  dynamic  ran*e  of  the  video  is  by 


K = 20  log 


V 

max 

10  V . 
min 


20  n log1Q2  = 6.02  n (db) 
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Therefore  the  dynamic  range  of  the  A/D  converter  is  equal  to  approximately 

Table TT  r bUs*  ThiS  rel*tionship  is  tabulated  in  7 

30  ^b  for"  „ Convfntlonal  television  displays  have  dynamic  ranges  of  25  to 
30  db  for  example,  thereby  requiring  4 to  5 bits  of  dynamic  range  encoding. 

TABLE  29.  DYNAMIC  RANGE  AS  A 
FUNCTION  OF  A/D  BITS 


Dynamic  Range  = K,db 


1 

2 

3 

4 

5 

6 
k 


6.  02 

12.04 

18.04 
24.  08 
30.  10 
36.  12 

6.02  k 


3.  2.  3 Sampling  Noise 

, . THlS  n?iSC  -S  introduced  bY  quantization  in  time.  Information  is  lost 

k^t  qm  1f?lple  P°™tS  and*  intuitivelY»  the  sampling  pulse  width  should  be 
kept  smaU  to  avoid  distortion  of  the  sampled  signal  frequency  spectrum. 

-f  * ThfC  input.s/gnal  transform  is  multiplied  by  the  sample  and  hold  cir- 

Fiauteasn5  0°riH  t/!£Ultant  system  transfer  function  as  shown  in 
Figures  50  and  51.  Mathematically,  the  system  transform  is  expressed- 


Xs(f)  = Xs(f)  H(f) 


. If  the  sample  pulse  time  is  short  with  respect  to  the  sample  spacing, 

•"  A?  « 1/2(js,  or  l/-  » 2ws,  the  Fourier  spectrum  of  X„(t)  is  as  shown 
in  Figure  50.  Observe  that  in  this  case,  the  first  lobe  of  the  sample  and 

ferdf,mc?-Sfer  !^tl0n;  H(f).is  much  wider  than  the  lobe  of  the  inpJt  trans- 
mit ^fxm  ani  hf  ref0^e  the  ‘“P1*  si«nal  is  not  appreciably  distorted  from 
at  of  Xs(f),  which  is  identical  to  the  input  spectrum  X(f).  The  recon- 
structed signal  will  be  close  to  the  original  input  signal  X(t).  However  now 
consider  the  case  where  the  pulse  width  is  equal  to  the  sample  spacing,* 

in  Figure  S^NotVin^h’  2“8*  Fourier  spectrum  of  x|(f)  is  shown 

in  r igure  51.  Note  in  this  case  that  the  sample  and  hold  transfer  function, 

H(f>,  18  now  roughly  comparable  in  width  to  the  input,  X (f),  so  that  Xh(f) 
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Figure  50.  Sampled  signal  spectrum,  short  hold  pulse. 


•ENVELOPE 


Figure  51.  Sampled  signal  spectrum,  long  hold  pulse. 

is  significantly  distorted  from  that  of  Xs(f),  particularly  at  the  higher  fre- 
quencies. This  means  that  edge  and  detail  information  can  be  attenuated 
appreciably  in  the  reconstructed  signal  X(t). 

This  latter  is  the  normal  situation  in  a digital  scan  converter  where 
the  output  video  to  the  CRT  is  "box  car"  video  (i.  e.  the  video  pulse  width 
is  equal  to  the  sample  spacing).  This  should  not  be  confused  with  the 
sampling  aperture  time  at  the  input  to  the  A/D  converter  which  should  be 
kept  as  short  as  possible. 

The  noise  power  introduced  by  the  sample  and  hold  process  is 


X(f)  - X“(f)  df. 


\vhere  X(f)  is  the  spectrum  of  the  input  signal  and  X^(f)  is  the  spectrum  of 
the  signal  at  the  output  of  the  boxcar  sampler. 

Since 

Xg(f)  = Xs(f)  H(f) 

where 


» 


and 


Xg{f)  = X(f) 


for  f < oj 

8 


then. 


P 

s 


X(f)  H(f) 


T 


The  noise  introduced  by  sampling  is  seen  to  be  a function  of  the 
input  signal  frequency  spectrum  and  the  sample  pulse  width,  assuming  the 
Nyquist  sampling  criteria  is  satisfied.  The  noise  power  is  plotted  as  a 
fraction  of  the  input  signal  power,  Sj  , in  Figure  52  as  a function  of  the 
relative  sampling  frequency,  us/<*>  where  u>s  = 1/ts  and  u>  = 1/t.  The 
signal  is  assumed  to  be  a rectangular  pulse  of  width  t. 

As  seen  in  Figure  52,  one  sample  per  input  pulse  width  introduces 
sampling  noise  equal  to  2 percent  of  the  input  signal  power.  Two  samples 
per  pulse  reduces  the  sampling  noise  to  0.  5 percent  of  the  input  signal  power. 

3.2.4  Quantization  Noise 

Assume  an  n-bit  quantizer  in  the  A/D  converter.  Then  the  input 
signal,  will  be  broken  into  2n  discrete  amplitude  levels.  Assume 

further  that  the  input  pulse  train  has  amplitudes  which  are  equally  likely  over 
the  range  of  the  converter.  Since  the  uniform  distribution  represents  a 
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>.02. 


RELATIVE  SAMPLING  FREQUENCY,  W|/a, 

Figure  52.  Ratio  of  sampling  noise  power  to 
signal  power,  rectangular  pulse. 


worst  case  situation,  analysis  with  realistic  input  amplitude  distributions 
should  yield  larger  SNRs.  The  quantization  errors  q are  uniformly  dis- 
tributed, and  their  variance,  is 


2 2 ” 2n  2 
o- , = “TT-  S 
q 12  max 


The  noise  power  due  to  quantization,  assuming  a stationary  noise  process 
and  a nearest  level  quantizer  with  a mean  noise  level  equal  to  zero  is 
therefore 


P0  = <r“ 

Q Q 


2"2n  2 
12  max 


3.  2.  5 Total  Noise 


The  noise  power  due  to  the  cascading  of  the  two  elements  of  the  A/D 
converter  are  calculated  by  summing  the  power  of  each.  The  RMS  noise  for 
the  system  is  thus 


RMS 


'A/D 


2‘2n  2 
■^TT-S2  +P 
1 2 max  s 


since  time  quantization  and  amplitude  quantization  are  independent,  random 
processes. 

2 2 ? 

Given  an  input  signal  with  signal  to  noise  ratio  S ,/<r  .,  where  <r  . 

2 11  1 

represents  the  input  noise  power,  and  S^  represents  the  RMS  power  of  a 
deterministic  signal,  the  output  noise  variance  is  given  by 


<rl  = <rZ.  + V^-S2  + P 

0 l 12  max  s 


and  computing  the  output  SNR, 


S 

N 


<r.2  + 


S. 

1 


, -2n 


*77"  S + P 
1 2 max  s 


S. 

l 

<r  .2 

l 


1 + 


^-2n  S 
2 max 

12  * 2 


The  change  in  input  SNR  expressed  in  db  is  thus 


ASNR  = 10  log  (-g)  - 10  log  (g) 

o i 
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and 


ASNR  = -10  log 


•2n  S 


1 + 


12 


S. 


s. 


The  signal  to  noise  ratio  decrement  is  a function  of  the  quantization 
, /-.-n.  . Is;  \ 


interval  (2"n),  the  input  SNR 


©■ 


and  the  sampling  process  (P  ). 


Figure  5 3 shows  a plot  of  ASNR  as  a function  of  the  input  SNR  for  samoline 
nond7n  , COrre anting  to  1,  2,  3,  and  4 bits  and  for  values  of  Ps  c7rre7- 
Thi,.,  P'°  one  samPle  per  pulse  width  and  two  samples  per  pulse  width. 

, igure  may  be  used  to  determine  the  degradation  in  SNR  from  the 

- . _ C ^ 


i^madY  quantizer-  <In  Fig^e  53  the  assumption  that 


= 10 


S.‘ 


Assuming,  an  input  SNR  of  0 db,  a quantization  of  4 bits  and  one 
sample  per  pulse  width,  a loss  in  SNR  of  0 1 dh  due  a /r> 

3.  3 Digital  Video  Integrator 

^ Z^°r  TrOV' 

c ifferent  ways  and  applied  to  several  sensors.  For  example  for  a FLIR 
desfr/J.  A,h<8h  'rrC  '*“•  ‘“'S" **«  from  fr»m“^r^„.  m,y  L 

indicate*?  th  ^ fact»  target  detection  studies  performed  at^Hughes  haveP 
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INPUT  SNK,  db 


Figure  53.  Effect  of  digitization  on  system  signal-to-noise  rat 


Figure  54.  Digital  video  integrator. 


When  the  accumulated  sum  is  transferred  to  the  main  memorv  it 
is  necessary  to  truncate  it  to  the  number  of  bits  stored.  This  truncation 

nrovid’rie  a^nec'*  ^ S”1?7  transferrinK  the  most  significant  bits  or  by 
provid  ng  a special  logarithmic  truncation  function.  Besides  the  truncation 

technique,  two  other  integrator  parameters  significantly  affect  the  integrator 
performance.  These  are  the  number  of  bits  cfrried  in  the  integrator  and  the 
feedback  constant.  The  number  of  bits  carried  directly  affects 8the  dynamic 
range  of  the  integrator  and  the  feedback  constant  relates  to  the  effective  time 
constant  of  the  integrator.  By  proper  selection  of  these  parameters  the 

vfd«.  * 3 Slgnlficant  ‘crease  in  the  signal-to-noise  r’atio  of 
3*  3*  1 Integrator  Feedback  Constant 

f ,1  .radar  systems  the  integrator  input  consists  of  a pulse  train  amnli- 

inten^°dUla  dYbX  th®  antfnna  enveloPe  pattern.  Assume  that  the  radar 
antenna  scans  X degrees  in  T seconds,  where  l/T  = PRF,  so  X = UT  where 

pattern  th!  response  t"  PCr  second*  Assuming  a Gaussian  antenna 

pattern,  the  response  to  nonfading  unscintillating  unit  amplitude  point  target 

-(nx)2/2tr2  . 

, where  n is  the  number  of  samples  (range  sweeps)  since  the 

^elf teedPt°o8  th^^h  h ^ the/,taKndapd  deviation  of  the  antenna  beam  in  degrees 
the  th®  3 db  be‘mWldth  W r = 2-  35cr.  Then  nx  is  the  angle  between 

setttog  C and  hC  P°lnt  target*  This  expression  is  normalized  by 


X _ 2.  35  u>T 

<rV7  Vi~  r 


I 

I 


sothai  = e"(n$) 

The  number  of  PRF's  occurring  in  a 3 db  beamwidth  can  be  expressed  as 


so  that 


M 


r 

wT 


I 


* 


.r*  - - 8ed 


The  signal-to-noise 
(reference  8,  Cooper) 


ratio  improvement  factor 


is 


expressed  as 


ind*!.iX°„V'bym'nt  *'*"•  °b*i'“b1'  «-«r  with  a 


FI  =VT  V^=  Vu7  '^T=  0-87  Vm 


and 


fi(<**eN)  = VTe"0N 


(t  + 6n) 


[l  + erf(f  + eN)J 


?.  *•  ^ 

r * me“Ur*  °f  th‘  ‘im«Twgch-mu^ee2,;raft.VralUe 

sigMl’ beLe the  out- 

, ^he  maximum  or  ideal  improvement  factor  f : „ ___  . , 

cottti ned  inPthV Tab ^Tht  ”UJnbf'  of  aamPlM  « PRF's 

pot0/ht  ;a;"\*"^^  it* . i 

ip,--0-* -HP 
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q 

Figure  55.  Maximum  value  of 

f.  (q , 6 ) as  a function  ofq. 
i 1 n ^ 


It  is  most  convenient  to  mechanize  p,  digitally  in  the  form  of 


Therefore,  P assumes  discrete  values,  l/2,  3/4,  7/8,  15/16, 


etc.  A plot  of  the  SNR  improvement  factor  in  db  as  a function  of  M (the 
number  of  samples  in  a 3 db  beamwidth),  for  various  values  of  p is  shown 
in  Figure  55.  The  following  example  illustrates  the  use  of  this  figure. 


A specific  radar  has  two  prf's:  330  and  1060  Hz.  With  an  antenna 
scan  rate  of  120  degrees  per  second  and  a 3 db  antenna  beamwidth  of 

2,  8 degrees,  the  number  of  pulses  in  one  3 db  beamwidth  is  « 8 at  330  prf 
and  ~ 25  at  1060  prf.  Using  Figure  56,  for  M = 8,  the  optimum  feedback 
constant  is  p = 7/8  and  the  SNR  improvement  factor  is  6.8  db.  For 

M = 25,  the  optimum  feedback  constant  is  P = 31/32  and  the  SNR  improvement 
factor  is  11.8  db.  However,  if  a single  feedback  constant  of  p = 15/16  were 
used  for  both  prf's,  then  the  resultant  SNR  improvement  factors  would  be 
6.  5 db  at  330  prf  and  11.  7 db  at  1060  prf  or  a difference  of  only  -0.  3 and 
-0.  1 db  respectively  from  the  optimum.  Thus,  a single  feedback  constant 
of  15/16  is  adequate  for  this  specific  radar  application. 

The  range  of  values  of  M for  a fixed  value  of  P which  provides  a 
SNR  improvement  factor  within  0.  5 db  of  the  optimum  is  given  in  Table  30. 

3.  3.  2 Accumulator  Bits 


To  prevent  saturation  of  the  integrator,  sufficient  bits  to  encompass 
the  accumulated  integrator  sum  must  be  provided,  ~he  total  bits  required 
are  N + K where  N is  the  initial  digital  video  bits  from  the  A/D  converter 
and  K is  the  additional  bits  required  in  the  integrator  to  handle  the  total 


M,  NUMBEH  OF  P*F'S  IN  3 db  ANTENNA  BEAMWIDTH 


improvement  with  integration 


£££&'.=:  SSEtt; 


K = log 


1_ 

2 1 - p 


or 


1 -p 


= 2 


K 


For  example,  if  p = 15/16  then  l/l  - p = 1 6 and  K - 4 if  the 
initial  input  bits  from  the  A/D  were  N r 4 bits  then  the  total’  ? , 

bits  in  the  adder  and  integrator  memory  mua!  be  N " 'k  V™  8*  ° * 

^ Range  Bin  Collapsing 

The  sampling  rate  analysis  provided  in  section  3 2 1 reooo-.^  j 
or  For,^Clefr°am„a5diSPUy  T”'"110’ 

;SSSS^S£1 

SapSKSSr- 

Pulse  Averaging 

signal  content.  £ SSf  ?,Y. 
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sample  will  contain  the  signal  plus  noise  while  the  other  samples  contain 
noise  only.  When  a target  is  present,  the  storage  cell  representing  the 
range  interval  surrounding  the  target  will  contain  the  addition  of  the  signal 
plus  noise  sample  to  p-1  noise  samples.  Averaging  will  increase  the  noise 
to  p times  the  input  noise.  Therefore,  the  effective  output  signal-to-noise 
ratio  is  1 'p  times  the  input  signal-to-noise  ratio.  This  is  equivalent  to  a 
decibel  loss  in  the  signal-to-noise  ratio  of  20  log  (p).  This  loss  is  plotted 
in  f igure  57  as  a function  of  the  collapsing  ratio  p. 


Figure  57.  Loss  in  signal/ 
noise  ratio  using  averaging 
technique  for  range 
collapsing. 

Peak  Detection  before  Integration 

Pea^  detector  examines  each  of  p consecutive  range  bins  from 
the  A/D  converter,  selects  the  one  of  largest  magnitude,  and  sends  this 
value  to  the  digital  integrator.  The  collapsing  loss  is 


db  loss  = 10  log  P 


where  Ps  is  the  probability  of  correct  selection  of  the  cell  containing  the 
signal  plus  noise  or  in  other  words,  P„  is  the  probability  that  the  signal 
plus  noise  exceeds  the  noise  in  the  adjacent  cells  examined  by  the  peak 
detector. 
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T 


P = 1 

s 


IS 


where  PIS  is  the  probability  of  incorrect  selection.  It  can  be  shown  that 

ritSioandfuTr^:the  ™ti0  the  ^"al-to-noise 


IS 


CO  r- 

* / --x2/2«-V.0(f2Xx)  , . . 


.-x2/2^ 


p-l 


dx 


=ig“1-‘°-n°jsc  The  db  loss  due  to  peak  detecting 

coCstag  "attogs,  p * fUnCtI°n  °f  mpUt  signal  to  ”oise  ™‘‘°  various® 

results  Ijtnl«,^?rrenJifr?m  th®,  curves  in  F‘gure  58  that  the  peak  detector 
results  in  significantly  lower  losses  than  the  averaging  method  for  signals 

whose  aignal-to-noise  ratio  is  greater  than  0 db.  The  pTak  detector  oer 
oeak  d^  Y C<?Ual  t0uhe  avera8in8  method  for  an  input  SNR  of  0 db  and  the 

poor" than  the  averagin*  mcth°d  ««•«.  ^ 

Peak  Detection  after  Integration 

One  method  of  taking  advantage  of  the  improved  peak  detector  n.r 
formance  „ to  use  the  peak  detector  after  the  integrator  » ml'fc, 

the  input  range  sampfes  and  perform  the  colUp- 

b«  fntegrated  £ to ^ dVa^^e^de^eL^6  Tv"  ° ^ '°  a 
the  optimum  from  the  standpoint  of  maxim^ng the MR Lt  JequiriTa 

ange  bin  collapsing  network  for  two  targets  is  given  in  Table  31  This 
example  assumes  a collapsing  ratio  P - 1 and  »n  TnlLL  / 31,  This 

factor  of  12  db.  P 8 P J and  an  integrator  improvement 

tion  after  integration.  '*  lmprovem'nt  in  SN«  employing  peak  detec- 
Dynamic  Range  Compression 

From  the  discussion  of  the  video  integrator  it  is  sew  fW 
ynamic  range  of  the  digital  video  integrator  output  may  be  much  higher  than 
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SIGNAl-TO-NOISE  RATIO,  db 

Figure  58.  Loss  in  signal  to  noise  ratio  after 
peak  detecting  a sampled  envelope  of  a 
sinusoidal  signal  plus  narrow  band 
gaussian  noise. 

that  of  the  raw  radar  video  at  the  input.  However,  it  is  not  necessary  to  dis- 
play a dynamic  range  much  larger  than  that  of  the  original  video  input  for 
the  following  reasons:  (1;  The  integrator's  main  purpose  is  to  increase 

? Vc?m 1 stren8th  of  low  SNR  targets  to  detectable  levels;  any  increase  in 
high  SNR  target  amplitudes  is  not  necessary  since  further  SNR  improvement 
yields  little  improvement  in  detection  performance,  (2)  The  human  eye  is 
not  capable  of  resolving  more  than  about  16  shades  of  gray  under  the  best 

<:ircum8t*nces,  which  corresponds  to  a 48  db  dynamic  range. 
(3)  Display  devices  typically  are  not  capable  of  rendering  even  16  shades  of 

gray,  but  generally  are  limited  to  about  8-10,  corresponding  to  a dynamic 
range  of  24-30  db,  7 


TABLE  31.  COMPARISON  OF  SNR  FOR  THREE  RANGE  BLN  COLLAPSING  METHODS 


grator  output  BO^t  *°  truncatf  the  video  inte- 

greater  than  the  smallest  of  the  three  limf  18  ”0t  S18*iificantly 

he  sensor  output,  ,he  observer  ITh  !^  aC,°rS  ™nti°ned' 

the  DSC  memory  size  is  minimized  witW  ^ pIfy  limit-  *M.  way, 
shade  rendition.  Since  the  truncated  ou^nut  d*1*®  * hmiting  factor  in  grly 
less  than  the  full  video  integrator  dynamfc  ra^e™*1®  rang®  is  in  general 
errors  on  the  display,  it  is  ner^eJ.  ™ range*  to  prevent  intensity 

the  maximum  displayed  dynamic  range  fnrUo’beasy  int,e.grat?r  °U*P“‘  above 

shade  level  is  set  to  the  maximum*  ntL.?tv  u l,  SUre  *hal  the  outPu‘  gray 
occurs.  intensity  whenever  such  a condition 

here,  linear  and  logarithm^  ^hi  f.rat°r  °utput  truncation  are  con-  idered 
dynamic  range  is  dfvidedTnto  all"  ‘f^ion,  the  desired  output 
thresholds  equally  spaced  in  voltage  The  1”ten*lty  le^els  by  gray  shade 
represent  a g.yen  dvna mTc ‘ranre  DR  ./J'k  "umber„o(  bits  required  to 
L = log210DR/20.  A.  XeJSS  f£ve  alJy  spa'">  intervals  is 

IS  selected  to  match  that  of  the  smallest  l « ?d  OUtput  dynamic  range 

sensor  itself),  and  its  lower  limits  th*  int  g aCt°r  'normally  the 
from  integrating  the  lowest  input  signal  °T  ?utpat  level  resulting 

successive  range  sweeps,  where  M U tV®  f™m  the  sensor  on  M 

u ?t™r{ p 

correspond^  to  is 

iFo^  (1  - p J/O-P).  Thus  the  output  dynamic  range  Should 

have  its  lower  limit  at  the  value  n rM.,., 

oqually  .paced  interval,  above  this  CaL’for  Hnllrttc* Sfu 

so'thlrfn  t'he’lowe’r  UmU  o'  ,'J  * P,M/(I  ' ?>  ’ l/»  - P ) = 2k 

by  ignoring  the  k least  significant  bit,  of  th°U‘P^‘  dlmamic  ranSe  is  f°ond  ’ 
The  only  difference  for  log-arithmic  ir?  thevld'°  “»«*»tor  output, 
shade  thresholds  are  set  at  uncation  is  that  successive  gray 

voltages  whose  ratio  is  \r2~*  1414  Tlt. 
represent  a give'n  dynamic  range  DR  by 

i-e..  /Tateps  in  intensity,  i.  L . log2  [ziog^O^l . Thus  . g]J 
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bits  can  represent  a wider  dynamic  range  with  logarithmic  truncation  as 

more  d ff°  tru?cation-  Logarithmic  truncation  is  of  course  somewhat 

more  difficult  to  mechanize  than  linear  truncation,  but  the  potential 

savings  for  large  dynamic  range  requirements  (>21  db) 
ke  it  the  preferred  technique  in  such  situations.  Table  32  shows  the 
dynamic  range  coverage  attainable  with  various  numbers  of  Rrav  shade 
rendition  bits  using  both  the  linear  and  logarithmic  truncation  techniques. 


TABLE  32.  DIGITAL  VIDEO  DYNAMIC  RANGE 


Number  of  Bits 


Linear 


Dynamic  Range,  db 


1 

2 

3 

4 

5 
n 

Logarithmic 

1 

2 

3 

4 

5 


6 

12 

18 

24 

30 

6n 


6 


12 

24 


48 

96 

6 x 2'"-1) 


n 


3.4  Image  Processing 
3.4.1  Introduction 


Image  processing  can  be  generally  defined  as  any  operation  deliberately 
performed  on  a video  signal  with  the  intent  of  improving  its  overall  quality. 

Table  33  presents  several  techniques  that  could  be  used  for  modifying  the  video 
in  an  imaging  system,  briefly  describes  their  operation  and  effect,  their  rela- 
tive complexity  and  anticipated  advantages,  and  presents  conclusions  regarding 
their  applicability  to  video  sensors  commonly  employed  in  airborne  applications 
such  as  radar,  IR , or  TV.  Techniques  such  as  image  motion  compensation 
and  geometric  correction  fall  in  the  general  category  of  spatial  distortion 
reduction.  Techniques  such  as  inverse  filtering,  Wiener  filtering,  and  recur- 
sive estimation  are  concerned  with  restoration  of  high  spat»al  frequency 
information  and  improvement  of  the  video  signal  to  noise  ratio.  Finally,  pro- 
cessing such  as  contrast  enhancement,  histogram  equalization,  and  coefficient 
rooting  is  intended  to  bring  out  video  information  contained  in  an  image  as 
intensity  modulation  by  operations  is  designed  to  make  optimum  use  of  the  avail- 
able video  intensity  dynamic  range.  As  may  be  noted  from  Table  33,  many 
of  these  processing  techniques  are  rather  complex  from  a hardware  point  of 
view,  requiring  large  memories,  possibly  non-linear  operation,  and  pro- 
bably could  not  be  implemented  in  real  time,  at  least  at  present.  Our  con- 
clusion is  that  histogram  equalization  is  the  technique  which  appears  at  present 
to  yield  the  greatest  benefits  with  the  least  cost  in  terms  of  mechanization 
complexity  and  the  capability  of  real-time  operation.  We  shall  first  describe 
the  concept  of  histogram  equalization  in  greater  detail,  and  then  present  a 
description  and  discussion  of  a non-real-time  computer  simulation  of  histo- 
gram equalization  performed  in  the  laboratory. 

3.4.2  The  Concept  of  Histogram  Equalization 

The  intensity  histogram  of  a full  frame  of  a typical  natural  image  that 
has  been  linearly  quantized  is  usually  highly  skewed  toward  the  darker  levels 
as  in  Figure  59.  The  intensity  histogram  of  a frame  is  a graphic  plot  of  the 
number  of  picture  elements  at  each  intensity  level.  In  such  images,  detail 
in  tiie  darker  regions  is  often  not  perceptible.  One  means  of  enhancing  these 
types  of  images  is  a technique  called  histogram  equalization  in  which  the 
original  histogram  is  rescaled  so  that  the  histogram  of  the  enhanced  image  is 
scaled  to  one-half  the  number  of  levels  of  the  original  image.  The  scaling 
algorithm  is  developed  as  follows.  The  average  value  cf  the  histogram  levels 
is  computed.  Then  starting  at  the  lowest  grey  level  of  the  original,  the  pixels 
in  the  quantization  bands  are  combined  until  the  sum  is  closest  to  the  average. 

All  of  these  pixels  are  then  rescaled  to  the  new  first  reconstruction  level  at  the 
midpoint  of  the  enhanced  image  forst  quantization  band.  The  process  is  repeated 
for  higher  value  grey  levels.  If  the  number  of  reconstruction  levels  of  the 
original  image  is  large,  it  is  possible  to  rescale  the  grey  levels  so  that  the 
enhanced  image  histogram  is  almost  constant.  It  shou'd  be  noted  that  the  number 
of  reconstruction  levels  of  the  enhanced  image  must  be  less  than  the  number  of 
levels  of  the  original  image  to  provide  the  grey  scale  redistribution  if  all  pixels 
in  each  quantization  level  are  to  be  t reated  similarly.  This  results  in  a some- 
what larger  quantization.  It  is  possible  to  perform  the  grey  scale  histogram 
equalization  process  with  the  same  number  of  grey  levels  for  the  original  and 


TABLE  33.  DIGITAL  VIDEO  COMPENSATION  TECHNIQUES 
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saturation. 


rct::-tL°rst  - » «.^,:,:,,»r.  br 


One  of  the  disadvantages  of  full  fram.  k;  «. 
discussed  above  is  that  this  process  tends  ? hlst°gram  equalization  as 

localized  intensity  variations  within  the  fram^  Th^T^  ln8ensitiv(*  to 
Of  one-dimensional  band  histogram  emiali  ’ Vs  ed  to  tle  c'eveloPmf' 
nation  using  a fractional  framf  at  a time  Y tlon»  w.hlch  is  histogram  equal 

of  M per  frame  in  computing  the  currentinten  ’•♦  i"8  °n  y N hnes  of  a totJ 
tion  with  this  method  yielded  the  conrlilsin„  "^histogram.  Experiment 
to  local  brightness  varia  ion. than  the fa  i ?,?“*  lt  W4“  indeed  more  -en.iti 

ing  better  contrast  over  the  full  fJame  ."el  T ?’  thereby  yicld‘ 

me  *rea,  while  bringing  out  details  whic 
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^ Figure  60.  Grey  level  histogram  equalization  with  equal 

numbers  of  quantization  levels. 

le^hem0riginalKhfd  been,saturated  °r  washed  out.  This  method  also  requires 
technliuT.0^  b m°re  l0glC  an<1  bookkeePing  operations  than  the  full  frame 

The  logical  extension  of  one-dimensional  band  histogram  equalization 
is  to  two-dimensional  box  histogram  equalization.  The  object  again  is  to 
increase  sensitivity  to  localized  brightness  variations  while  preserving  the 

tchn\oeu  hCement  pr°perties  of  these-  techniques.  Mechanization  of  this 
technique  however,  requires  a large  amount  of  bookkeeping,  and  in  addition 

the  rrlr  lS  depe/lde"t  on  the  size  of  to  a greater  degree  than  in 

the  case  of  average  brightness  control.  The  fundamental  reason  for  this  is 

that  for  a small  box  size,  for  example  nine  by  nine,  and  64  grey  levels  the 
resulting  grey  level  histogram  within  the  box  tends  to  have  singular  behavior 
resulting  in  a somewhat  meaningless  grey  level  redistribution.8  Thus  two-  ’ 
dimensional  histogram  equalization  is  fundamentally  limited  in  terms  of  a 
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lower  limit  on  the  bo\  si?*  1nfi  u , . 

storago  requirements  make  this  t e c 1 1 n i q uTYe  sT  Tt t * y ’ th£  bookkeePing  and 
when  compared  with  some  of  the  other  T->  th  H tractlve  than  it  first  appears, 
e\er,  further  „p, r «— 
a final  judgement  is  made.  f these  variations  before 

3'4''  Caborat°ry  Simulation  of  Histogram  Eo«»li„.i„„ 


Figurjg  61.  Lab  simulation  block  diagram. 





strheeirecD/rA  Chnverterj-S  USPd  t()  COntro1  the 

nnapo  area  as  on  input  and  in  the  process"  expose  The  mnTrnl  P^l' ^ 
scope  camera.  ^ s ule  lum  ln  a Polaroid 


been  mgiS'  “.l*r.Uu°,ttS?4r*^St  ‘i’"1  7^  »hich 

quantization,  through  the  FSS  input  II  wa!  JS!  lnten*1*)' 

without  processing,  so  this  represents  th  output  directly  to  the  scope 

Figure  63  shows  the  results  oYthe  fJll  “T”?  UnprocPssed  imagery. 

mg.  with  the  same  resolution  and  number  of  g^ay  XadT  renditU^' Tt 
original  in  Figure  62.  Note  that  tho  i;„u.  y , , rprK,‘tlon  bits  as  the 

for  a relatively  small  area  of  the hlvVh  “h  BtaV8tlcally 

Figure  63.  resulting  in  much  greater  apparent  co  nXsXVl  n aCCe"tUated  ln 
also  note  that  some  of  the  mid-erav  ar„i  = tiast.  However,  one  may 

especially  in  the  upper  half  of  the  in  a ' S PPlfa'  to  1)e  somewhat  washed  out, 

intensity  correction  Figure  64 ,h"  ^ th°URh  there  were  to  niuch 

y rection.  f igure  64  shows  the  same  image  after  one-dimensional 


Figure  62.  Original  scene. 


figure  63.  Full  frame  histogram  equalization. 
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* ‘Sure  64.  Local  histogram  equalization. 

oand  histogram  equalization  over  lines  at  a time  The  1:1* 

still  been  accentuated  relative  to  the  ordinal  brnti'  ft  R area*  ,la'° 
preserved  than  in  Figure  Thi  t ’ , 1 * le  lrud-grays  are  better 

of  the  band  equalization  tech'niaue  trT”  f atlrl  butf>d  to  thP  greater  sensitivity 
intensity  distribuV  on  than  the  full  r Var,l.atlo.ns  in  tlle  statistics  of  the 

V.V  leveV  thresholds  or, "/a„d “ T «*>*»• 

of  video  intensities  over  the  whole  frame.  S‘S  °f  tHe  dlStributlon 

special  pr oces s^ng lmodule's*^or ^h^  MMSIJfT  s'ys'te T't"*  °\ 

»«« ;.*ssrv. 

3-  3 Memory  Considerations 

be  formatted  and  read  out  in  on^of  two  wavs  Thl  f °P  *Y‘  memory 
video  sequentially  in  the  memory  as  it  1 ’ i'r  “ St  If  t0  store  the  ser>sor 

the  various  formats  by  formatting  the  display^weep^upon^eaSout"  ^Thfs^^ 

f xeis:s°ir»y  a&i?  rh:l:z%?'^r . 

always  read  the  memory  out  in  a horizontal  tpl#*\-i  • * 1 * uaV  ls  to 

rec, hiring  complex  n.ejory  load  »XT“ 

a lower  power  resonant  deflection  TV  indicator  if  ^ e uso 

req',ir",  tor  rm“rc  ma"-'x  *d<i">»iirA,7pi«ird?sdpra,yw'11  *“° 


A summary  of  the  basic  formats  to  be  handled  in  the  digital  scan 
converter  are  shown  in  Table  34.  Also  tabulated  is  the  function  of  the  digital 
scan  converter  for  each  of  these  formats;  that  is  rate  conversion  (slow  scan 
to  fast  scan)  or  format  conversion  (PPI  to  TV).  Obviously  the  freeze  mode 
is  provided  for  all  formats.  Some  of  the  unique  characteristics  of  these 
various  modes  will  now  be  discussed. 

3.5.  1 Coordinate  Conversion 

In  the  B-scan,  E-scan,  FLIR,  or  TV  modes,  there  is  no  difference  in 
image  quality  or  display  appearance  for  either  a TV  raster  or  linear  display  for- 
mat since  both  represent  an  orthogonal  transformation  or  mapping  of  the  sen- 
sor data  to  the  display  surface.  However,  in  the  PPI  modes,  there  is  a major 
difference  in  the  transformation  of  the  data  from  the  radar  to  the  display  sur- 
face as  a function  of  whether  a TV  raster  or  PPI  format  is  generated  on  the 
display.  Whether  this  results  in  a significant  difference  in  image  quality  or 
display  appearance  depends  on  the  radar  resolution  characteristics  and  the 
DSC  spatial  quantization.  The  TV  raster  display  presentation  is  characterized 
by  constant  an^  resolution  elements,  where  A^  is  the  display  width 
divided  by  the  number  of  horizontal  samples  and  Ay  is  the  display  height 
divided  by  the  number  of  television  scan  lines. 

The  linear  sweep  PPI  format  provides  constant  range  and  angular 
resolution  elements,  Ar  and  Ag  , where  Ar  is  the  range  scale  divided  by  the 
number  of  range  samples  and  Ag  is  the  azimuth  scan  width  divided  by  the 
number  of  azimuth  samples.  Radar  resolution  is  defined  in  terms  of  the 
pulse  width  in  range  and  the  antenna  beamwidth  in  angle  and  therefore  corres- 
ponds to  the  linear  sweep  format  resolution  parameters.  The  TV  raster 
resolution  parameters  must,  therefore,  be  converted  to  equivalent  radar 
resolution  elements  in  order  to  compare  the  performance  of  the  two  systems. 

Basic  assumptions  for  the  analysis  were:  1)  a square  display  and  2)  an 
array  ofmx  n memory  bins,  or  elements,  on  the  display  (x  and  y axes,  res- 
pectively). For  the  sake  of  generality,  the  display  is  considered  to  be  a 
180  degrees  offset  sector  plan  position  indicator  (PPI)  with  0.0  degree  azimuth 
coincident  with  the  +X  axis.  To  obtain  consistency  of  results,  it  was  assumed 
that  the  azimuth  and  range  uncertainties  are  centered  about  a bin,  since  the 
address  of  an  element  anywhere  within  a bin  will  cause  a response  throughout 
the  bin.  The  resulting  geometry  is  illustrated  in  Figure  65.  Quantization  of 
range  and  azimuth  angle  is  performed  prior  to  the  transformation.  Given  an 
element  at  arbitrary  range,  R,  (inches  on  display)  and  azimuth  0,  the  display 
range  and  azimuth  resolution  is  given  by  the  following  expressions: 

0 ~ 9 £ 0CRIT.1' 

(4-1) 

eCRlT.R  ~ 6 ~ u ” 6CRIT,R 
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TABLE  34.  SUMMARY  CF  BASIC  DISPLAY 
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ONLY 
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The  azimuth  resolution  at  0 = 0 degrees  as  a function  of  the  number  of  vertical 
samples,  n,  for  various  R/K  ratios  is  plotted  in  Figure  66.  For  example,  to 
provide  a resolution  element  of  3 degrees  at  a minimum  of  10-percent  range 
on  the  display  requires  approximately  192  samples  or  resolution  elements 
across  the  display. 

The  locus  of  equal-angle  resolution  elements  is  a rectangle  about  the 
vertex  of  the  PPI  format  as  shown  in  Figure  67.  By  plotting  the  locus  of  points 
representing  the  Nyquist  sampling  resolution,  and  computing  the  percentage  of 
total  display  area  that  provides  greater  resolution  than  Nyquist  sampling, 
another  performance  criteria  can  be  established  to  determine  the  number  of 
samples  required  for  a specific  system.  This  is  plotted  in  Figure  68  as  a 
function  of  the  ratio  of  display  horizontal  samples  m (assuming  m = n)  to  the 
number  of  Nyquist  samples  in  a scan  width  for  various  scan  widths.  For 
example,  to  maintain  90  percent  of  the  display  area  in  excess  of  the  Nyquist 
resolution  criteria  for  a sector  scan  of  120  degrees  would  require  a minimum 
of  twice  as  many  display  samples  as  Nyquist  samples. 

The  range  and  azimuth  resolutions  were  also  computed  for  a typical 
PPI  . display  format  with  a 120-degree  sector  scan  and  a 256-  by  256-resolution 
element  display.  The  results  are  shown  in  Figures  69  and  70. 

3.  6 Digital  to  Analog  Conversion 

The  digital  video,  once  stored  in  the  memory,  does  not  vary  and  is  a 
linear  representation  of  the  video  received  element  by  element  from  the  sen- 
sor (assuming  linear  A/D  conversion).  Since  cathode  ray  tubes  and  the  human 
visual  system  are  more  or  less  operationally  limited  to  approximately  11  shades 
of  gray,  it  is  impractical  and  inefficient  to  store  more  than  4 bits.  In  fact, 

3 bits  is  sufficient  for  many  cases  and  indeed  even  2 bits  may  be  sufficient 
for  most  detection  purposes.  The  important  consideration  is  the  rendition  of 
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Figure  68.  Percent  of  display  area  that  exceeds 
Nyquist  azimuth  resolution  as  a function  of 
ratio  of  Nyquist  samples  to  horizontal 
samples  for  various  scan  widths. 


Figure  69.  PPI  range  resolution  as  a function 
of  range  and  azimuth  for  a 256  x 256  sample 
display. 


Figure  70.  PPI  azimuthiresolution  as  a 
function  of  range  and  azimuth  for  a 
256  x 256  sample  display. 


150 


I 


me  discrete  levels  stored  tc  maximize  the  number  of  discernible  gray  shade 
levels  displayed.  With  a totally  linear  display  system,  the  4 bits  are  linearly 
D/A  converted,  and  the  resultant  analog  voltage  drives  the  display  CRT  in  the 
manner  shown  in  Figure  71.  (Assuming  operation  in  the  linear  region  of  the 
CRT  transfer  curve.  ) Since  the  dynamic  range  of  a linear  4-bit  system  is  only 
15:1,  only  about  6 shades  of  gray  can  be  displayed  at  a time.  This  is  because 
each  successive  higher  gray  shade  must  be  at  least  1.  4 times  brighter  than 
the  next  lowest  to  be  easily  discr iminable.  (1.4  is  a nominal  value,  actually 
the  required  contrast  is  a function  of  resolution,  brightness  level,  and  other 
factors.  ) With  only  6 discernible  shades  of  gray,  optimum  utilization  of  the 
16  stored  energy  levels  is  not  being  achieved.  Also,  the  gray  scale  capability 
of  the  observer  and  display  is  not  used.  To  maximize  the  information  content, 
each  successive  gray  scale  level  should  be  displayed  with  1.4  times  the  bright- 
ness of  the  previous  one. 


I 


The  network  must  be  designed  to  provide  an  output  brightness  level 
increase  of  1.4  for  each  successive  brightness  level.  For  the  optimum  desk 
the  actual  (or  predicted)  transfer  curve  of  the  CRT  must  be  considered.  The 
desired  brightness  curve  is  shown  in  Figure  72.  The  transfer  function  of  the 
digital  network  is: 


B - K (V2)n  + B 


= display  brightness 
= Mechanisation  constant 
= Integral  video  levels  (0,  1,  2. 
= Minimum  display  brightness. 


maximum 


MINIMUM 
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Figure  72.  Sample  of  a logarithmic  gamma. 
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“V  w2*  “»  “>4-4  DIFFERENT  VIDEO  ROLL  OFF  FILTERS 
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Figure  73.  Bandpass  characteristics  of  alternate  video  filters 
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F‘KUre  74-  UiK‘tal  scan  converter  display  with 
maximum  rolloff  filter. 


lj|g‘tal  scan  converter  display  with 
minimum  rolloff  filter. 


Figure 
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In  addition  to  the  simple  rolloff  filters,  a complex  2 pole  high  rolloff 
liher  was  designed  and  evaluated.  This  filter,  w5.  essentially  provides 
peaking  to  restore  the  stored  video  rolloff  due  to  sampling  and  effectively 
attenuates  the  higher  frequency  noise  components,  it  represents  a more  com 
plex  design  and  is  more  susceptible  to  ringing.  It  does,  however,  work  as  an 
aperture  corrector  to  increase  signal  modulation.  This  effect  is  obvious  in 
the  photograph  (Figure  76)  of  the  PPI  digital  scan  converter  display  utilizing 
tins  tilter.  Also,  it  should  be  noted  that  the  sampling  theory  states  that  such 
a reconstruction  filter  is  required  when  sampling  of  the  video  is  achieved  at 
or  near  the  Nyquist  limits  (N  1/2  F).  As  such,  a filter  of  this  type  is 
required  in  the  Modular  Multisensor  Display  System. 


Figure  76.  Digital  scan  converter  display  with 
complex  aperture  corrector  filter. 

■ d Electro-Optical  Sensor  Considerations 

Most  electro-optical  sensor  video  is  available  in  a standard  TV  format, 
either  directly  from  the  sensor  or  having  been  scan  converted  within  the  sen- 
sor. Thus,  the  main  function  of  the  DSC  for  such  sensors  is  to  provide  a 
: reeze  capability  while  minimizing  further  loss  of  MTF  due  to  sampling  We 
shall  discuss  four  types  of  EO  sensors:  (1)  TV.  (2)  Forward  Looking  Infrared 
IIKST)  ’ 3 EO  Lme  Scanner  <EOLS>-  and  f4)  Infrared  Search  and  Track 


3.  8.  1 TV 

Included  in  the  airborne  TV  EO  sensor  family  are  a number  of  L.LLTV 
systems.  TISEO,  TV  Guided  Weapons  (Walleye,  Maverick,  Condor,  etc.)  and 
TV  sighting  units.  All  of  these  TV  sensor  systems  are  generally  compatible 
with  either  the  EIA  RS-170  or  EIA  RS-  343-A  standards  for  monochrome  TV? 
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tnr  Szt  UnoTv  *ShzF  Th'  WaUeye  als°  pmPWs 

,n  Wld*  •»>«*  now,  but  the  Modular  Multi  il"8  6 n:  * 525  Une  TV  raster  is 

provide  875  line  as  well  as  growth  to  lO^ThT  ?vPlay  ?ystem  sh°uld  also 
resolution  systems.  **  ° 023  hne  TV  capability  for  future  high 

A 1.1  aspect  ratio  is  quite  tvDical  J j 

change  in  timing  and  control  mechanization  # 8 ldfu  WeaPon  systems,  and  a 
latio  IV  format  must  be  made  to  dicni  ” from  that  required  for  3:4  aspect 

Dsc  - ~ — -te 

to  a full  fram.  frce*e'!Vte 0nly•  “S  °PP°s<!d 

he  a,rcraft.  the  20°  FOV  cover,  about  ^ 50  feet or,  '.h"1"*  lo?k*  down  ■><‘"eath 
If  the  raster  has  525  lines,  of  which  ?4(i  ‘°n  the  ground  1000  feet  below 

O about  ,8  inches  on  the  ground^  , P"  f"J “ ar'  this  is  a spacing 

The  next  field  is  scanned  16  msec  later  ®U^essive  ra«ter  lines  of  a field 

moved  lb  msec  x 1000  ft/sec  = 16  ft  so  the  ftn^”®  V™  the  sensor  has 
— 16  ft  ^ . ° n>  80  the  following  field  is  displaced 

18  in/line  ~ raster  lines  from  where  it  should  be  Tb  , 

video  is  displaced  from  its  „r  . . ^ ThUS  the  Placed 

and  distortion.  If  only  one  fieldYt  a°t*  me"’*  WHlCh  Pr°duces  ima8e  breakup 

abte  anyrvay  under  the  conditions 

provide ‘fuMfram;  frieze  aswefl®" Thhi"!?  *.“«  dynamic.s’  “ « necessary 
bilities  be  provided  in  the  MMSDS  system  ecommended  that  both  capa- 

systems.  To  provide*  a^uu'fram^  ,parameter  s for  the  standard  types  of  TV 
the  DSC  shoultf  have  a n„X  TverTc“  °<  "solution, 

active  lines  per  frame  as  given  in  Table  35  T !u  l°  the  number  of 

want  to  provide  isotropic  resolution  on  the  disola  horiuZontal  Section,  we 
tal  samples  whould  be  equal  to  the  number  nf  Plf-y'  1°  he  number  of  horizon- 

-.  With  an  active  fine  time  of  S,49'  ^ ^ ~ 

sample,  corresponding  to  a sampling  rate  of  -i*2_  - MH  l ”C/ 

analogous  figures  for  the  other  types  of  TV  56'4<?  ' * 

types  of  Tv  systems  are  included  in  Table  35. 


to 
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TABLE  35.  HIGH  RESOLUTION  TV  SYSTEM  PARAMETERS 


F 


Most  TV  sensors  have  a video  dynamic  range  between  30  and  35  db 
which  requires  5 or  6 bits  of  resolution  in  the  DSC  input  A/D  converter  and 

DSX  memoPlXel  Ih  ) V?garithm,ic  graV  shade  representation  is  used.  Thus  a 
C memory  with  full  frame  freeze  capability  for  a 525  line  4:3  aspect  ratio 
TV  sensor  would  have  480  x 640  x 4 = 1,228,800  bits  of  memory,  which fs 
3 times  as  large  as  that  required  for  the  typical  radar  system  namelv  392K 
bits,  assuming  a radar  memory  configuration  of  512  x 256  x 3*  It  h*.  j 

Juf.  >r  1 Me  StUdJ  ‘°  “'T™'  wLth"  ‘ba  in!por.f„teX  oi  pro “di^gT1 

full  .rame  freeze  mode  justifies  the  cost  of  the  much  larger  memory  Ihould 

orhoTrVlJUStifliab1'-  there  aro  tw°  alternatives  f J comp™mL  .Sh« 

This  n^ibTmv  come^f  Pr°Vt‘aed  dU°  ‘°  the  n“‘bili‘y  in  the  design  of  the  DSC. 
Roth  comesifrom  the  programmable  controller  and  modular  memory 

to  h,t  atlVefS,  areubased  on  the  assumption  that  the  memory  size  is  TonWd 

Lrlvfd/w11^^  f°r  AhC  radar  display  Actions.  The  first  alternative  is  to 
provide  a freeze  mode  covering  the  full  FOV,  but  with  reduced  resolution 

392K  hit  d bC  achieved  b/»  for  example,  a 512  x 256  x 3 reorganization  of  a 

resist'  dise^^l^^rn^n^i^n^lnTh^s^con^^UeVnatlVe°i6  to  provid^^U^enso^r16 

° “ r'.  ^ r “,a  “ /°duced  ficld  °‘  view.  Under  this  alternative  atout 

indicated  stidt'm  t°  * COUld  be  di6played  at  °ne  time  (with  the  example 
inaicated;.  Study  in  this  area  is  required  to  determine  the  shaoe  and 

possibly  the  placement  of  the  sector  of  the  FOV  to  be  displayed9 
3.  8.  2 FUR 


The  typical  imaging  FUR  sensor  consists  of  a vertical  arrav  of 
detectors  scanned  horizontally  at  a 60  Hz  rate  Vertical  int#»ri=>  ^ u. 

most^ ^JtLp F?TR =quence,  some  form  of  scan  conversion  is  required.  In 
most  existing  FUR  sensors,  the  scan  conversion  is  performed  in  one  of  two 

fTom'a  ‘“hniqu.  utilize,  an  array  of  LED.,  each  modulated  by  thn  video 

detector  ar^ray  ancUs^vi  T d L>h  af^ay  l®  Scanned  in  synchronism  with  the 
video  I.  Tv  lomoat  ble  Th  W‘„,  * C‘°' 'd  circul*  TV  cam“a-  The  re.ultant 
v deo  florn  th^?R  dlt  V " Way  15  *°  'lectI-onically  multiplex  the 

0IT  the  lBl  detector  array  into  one  video  signal.  This  signal  modulates 

scan  converter  fs  dent'd  -8Can  COnveurter’  The  write  beam  of  the  analog 
?.  a"  c°nverter  18  deflected  m sync  with  the  scanner  IR  array.  Read  out  of 

n og  scan  converter  is  achieved  in  a television  format  Thus  digital 
freeze^apabiUty!"  ‘°  C°nV'rt  'h'  FLIR  format>  but  P™vide  a 

HuphesTh^t^ff^f  FUR  i8Lan  advanced  FLIR  system  under  development  by 

sensor  refuires^ /°mpatlble  ™th  standard  525  line  TV.  This  type  of  FUR 
sensor  requires  no  scan  conversion,  and  the  DSC  would  only  be  used  to 

of  FUR^d  fre.CZe  mode-  The  requirements  for  the  freezing  of  a frame  or  field 
of  FLIR  video  in  a television  format  follow  the  same  criterif  as  those  for  a 
elevision  sensor  previously  discussed.  The  size  of  memory  and  frozen  area 


of  the  field  of  view  depends  on  the  quality  of  freeze  display  desired.  Laboratory 
studies  are  recommended  to  define  the  optimum  means  of  providing  such  a 
freeze  capability. 

3.8.3  EOLS 

Electro  Optical  Line  Scan  (EOLS)  system,  as  exemplified  by  the 
AN/AAS-18A  Equipment,  typically  generates  high  resolution  infrared  across- 
track  video  returns  that  are  presented  on  the  lace  of  a recording  CRT  for 
optical  imaging  onto  a moving  film  strip.  This  same  line  trace  video  can  also 
be  fed  to  a DSC  to  build  up  a passing  scene  data  field  in  DSC  memory.  Line 
scan  data  is  loaded  into  the  DSC  by  means  of  appropriate  data  formatting, 

A/D  conversion,  write  address  control,  and  timing  for  the  line  scan  data 
conversion  mode.  The  DSC  is  read  out  in  a conventional  TV  horizontal  raster 
scan  format.  The  8^5  line  TV  raster  would  be  a good  choice  for  display  of 
EOLS  data  to  provide  maximum  along  the  track  coverage. 

The  number  of  horizontal  samples  in  the  DSC  for  this  type  of  sensor  is 
determined  from  the  nominal  detector  resolution,  2 samples  per  2tr  detector 
subtense.  Again,  if  this  results  in  an  unjustifiably  large  memory  require- 
ment, a compromise  can  be  reached  in  which  the  typical  radar  DSC  memory 
size  can  be  allocated  among  the  number  of  lines  displayed,  which  determines 
the  vertical  FOV,  the  number  of  elements  per  line,  which  determines  the 
horizontal  FOV,  and  the  number  of  bits  per  pixel,  which  determines  the  video 
dynamic  range. 

A somewhat  special  requirement  for  the  EOLS  sensor  may  be  to  provide 
a display  of  uniform  range  intervals  on  the  ground  between  samples,  rather 
than  uniform  slant  range  between  samples.  This  requires  a special  variable 
sampling  frequency,  as  discussed  in  section  3.2. 

3.8.4  IRST 

The  IRST  systems,  as  typified  by  the  MA-1  system  is  an  A-A  IR  search 
and  track  system  that  parallels  the  operation  of  the  associated  radar  system 
in  that  they  generate  multibar  video  traces.  This  video  display  data  is 
essentially  analog  signal  data  that  cannot  be  displayed  on  a TV  display  without 
scan  conversion.  A DSC  memory  as  well  as  mode  peculiar  timing  and  control, 
D/A  conversion,  and  write  address  generation  is  required  to  properly  mecha- 
nize a DSC  for  TV  display  of  line  trace  data. 

Since  signal  intensity  in  this  case  is  represented  by  deviation  of  the  trace 
from  some  reference  position,  only  one  bit  of  intensity  information  is  required 
per  pixel.  The  number  of  horizontal  samples  is  determined  from  the  nominal 
detector  azimuth  resolution,  2 samples  per  detector  subtense.  The  number  of 
vertical  samples  depends  on  the  number  of  detectors  in  the  IRST  array  and 
the  desired  signal  amplitude  quantization.  The  normal  4 bar  MAI  scan 
quantized  to  64  vertical  levels,  requires  only  256  raster  lines  of  a display. 

Hence  this  is  easily  accomplished  in  a 525  line  television  raster. 
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3*  ' Display  Indicator  Design  Criteria 

~:,hz  sr; a rh^  ra^r^^^-r. 

light  emitting  diode  arrays,  and  “if  a 38  q ^ C;ystal  matri*  “rrays. 

and  arc  becoming  more  and  more  Draetiral  f rra^s  ar*\  unc*er  rapid  development 
The  emphasis  here,  haV,..,  dl»P*»y  »PpH««on., 

our  attention  to  the  display  of  video  data  in  a '3paya-  We  'hail  also  restrict 
sensor  data  typically  l?  ■*•«=• 

mentioned  that  advanced  flat  na n«i  r?'  1 ormat.  It  should  also  be 

format.  A full  random  squire  input  video  in  a TV 

the  use  of  very  complexing  addressing.  V SUCh  d‘splays  would  necessitate 

ards  a.mpUn««  f°y  d‘«*ren.  line  stand- 

requiring  a multiple  Vine  raster  'the  a pr?v‘«“  *«e‘io«.  For  an  appl, cation 
high  to  accommodate  the  hTg^I.1! 'e  tmh.m^^'b  ^ •”«i'l““y 

terns  ifthMSwha^p'acing"  m'emnVo v'h  ?'Si8ner  °'  Samplad  data  d-p‘aV  *y- 
lines  on  the  display . ?„  reUt  „ ,T h°V .b,'tW'f“kWr.l,ten  «lem*nt..  i.e.,  raster 

Various  criteria  exist  in 'he  lUera.ure  «ch  o^'  ‘nS'an,a"'°'‘s  disp“>y  spot, 
the  "optimum"  raster  line  7 H of  whlch  Purports  to  specify 

these  criteria  will  be  discus  sed^ere^  dlsp*ay  spot  size*  Some  of 

problem.  S background  information  for  the  basic 

display  has ^cHstracting'effec^  wMch^ends*?1'''!1*  T'"  “‘-Cure  on  the 
and  recognition  performance  'n  an  adverse  l o t'  T,h  lar8'‘  Action 
structure  has  variously  been  dpqrrih  rl  ' Such  a pronounced  raster 

vidto  or  as  the  visual  anaZ  of  t^l  f'  M-*  of  n°i>».ndded  to  the  true 

The  effect  of  a sharply  defined  raster  struct u ^ it0r^  rnasklng  Phen°menon. 
found  in  "Perception  of  Displayed  Information"!  (Re7.  9!  mbeTmlLT  ^ 

r armine 

ta*iy  r;  rs^^i  ■;  rr  b°th 

resulting  in  88  percent  useful 

such  tha't  tlfe*  s^if/imfs*  ra^'er7espon8e°or 'raster'fnduceiT  n*' ' ^ 

Hon  for  this  raster  line 
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this  represents  a natural  criterion  for  absence  of 
structure. 


a perceptable  raster  line 


Others  contend  that  this  is  too  conservative  a criterion,  and  that  a 
somewhat  higher  level  of  raster  line  modulation  can  be  tolerated  in  a trade 
° ^ slSna^.mod“lat‘on  figures.  Representation  of  this  is  in  the  paper. 

Optimum  Spot  Size  of  a Scanner  CRT  Display",  (Ref.  10).  In  this  paper  a 
raster  line  spacing  criterion  of  2.  6<r  is  derived  and  justified  as  being  a better 
compromize  between  useful  modulations  and  spurious  raster  modulation. 

_ i °«r  >-ecoiTimendation  is  that  the  shrinking  raster  fUt  f.eld  criterion  ig 

: 3 1Cf  f°r  typiCa^  sensor  display  applications.  The  reasons  for 

thi  is  that  a certain  amount  of  spurious  modulation,  or  raster  noise,  may  be 
tolerable  in  a high  video  signal  to  noise  ratio  environment,  where  the  video 
signal  essentially  only  has  to  compete  with  the  raster  noise.  But  in  the  typical 
sensor  display  situation,  the  video  signal  to  noise  ratio  is  not  high,  and  thus 

mi^miim,rh  ° fSlgnal  t0  n°iSe  rati°  Which  the  °Perat°r  sees,  one  should 

when^heeraseraTUn  raSter  n°iSe,  °n  the  display-  As  Previously  mentioned, 
when  the  raster  line  spacing  is  equal  to  2<r,  where  iris  the  display  spot  radius 
there  is  no  raster  noise.  r i r , 

E,a!uh*r  in  Secti°n  2 visual  acuity  and  laboratory  performance  studies 
verified  that  a nominal  sample  spacing  (or  raster  line  pitch)  of  100  elements 
per  inch  is  a reasonable  value.  Therefore  to  be  consistent  with  the  desired 
minimum  raster  noise  criteria,  the  CRT  2a  spot  size  should  be  0.010  inch. 
From  these  criteria  the  optimum  display  sizes  can  be  derived  based  on  the 
total  resolution  required  or,  conversely  the  total  resolution  (or  number  of 

M9ntl S/la y 6 d Ca”  bC  derived  8iven  the  display  size.  In  order  to  retrofit 
the  MMSDS  display  into  existing  aircraft  it  is  very  likely  that  the  sensor  dis- 

P ? nW*  L V^ut0  S^Y  aPProximately  the  same  size  in  order  to  fit  in  the  cock- 
Pl  ' erefore,  it  is  not  reasonable  to  provide  more  resolution  (raster 

iines,  picture  elements,  or  memory  size)  than  can  effectively  be  presented 
on  the  indicator.  r 

v d r hienAX1StTgA  a!lrcraft  systems  fall  into  two  resolution  categories.  The 
nnn’  T'106>V  ^ A'7  possess  4"  displays.  Therefore  a 525  line  raster 
(100  elements  per  inch)  with  512  picture  elements  stored  is  the  optimum 
format.  The  F-lll  display  is  somewhat  larger,  approximately  6 inches, 
this  system  presently  uses  a non-standard  787  line  raster.  The  MMSDS 
system  could  be  used  to  generate  video  in  this  format  or  one  of  the  standard 
rasters  listed  earlier.  The  B1  will  also  probably  possess  an  8 inch  display. 
However,  with  the  higher  resolution  sensors  in  the  future  it  is  desirable  to 
design  the  MMSDS  system  to  drive  up  to  a 10  inch  display  with  a 1023  line 
raster  and  maximum  memory  size  of  1024  x 1024  elements. 
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4.  0 MECHANIZATION  TRADE  STUDIES 


1 Introduction  and  Summary 

Mechanization  trade-offs  were  rnaHa 

arrive  at  the  optimum  desien  confio.iraf  dV  fuVe  major  design  areas  to 
were:  1)  aelecHon  oTdispUy  “MSDS'  Th'«  «ea. 

converter  architecture,  3)  selection  of  * ' 2 determination  of  basic  scan 
4)  determination  of  digit.!  ’iPe’  8i2e-  and  »*~ctur«. 

mmation  of  optimum  symbol  eeneratorr^f  o"'1'^  ''1'  a,rchltecture'  5)  deter- 
cnnciuaion.  arrived  a/a.  a 


TABLE  36.  TABLE  STUDIES  AND  CONCLUSIONS 

Display  Sweep  Format 

• Television  raster  format  recommended 

• Low  deflection  power 

• Simple  composite  video  interface 

• Ease  of  retrofit  into  existing  display  systems 

• Simple  television  video  recorder  for  recording 

• Compatible  with  advanced  flat  panel  displays 

Digital  Scan  Converter  Architecture 

• Programmable  controller  recommended 

• Modular  memory 

• Separate  input  video  processor/buffer  function 

• MUX  data  control  bus 

• Separate  high  speed  input  address  generator 
Memory  Selection 

• MOS  random  access  memory  recommended 

• Low  power  (<  100  pw/Bit) 

(Continued  next  page) 
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PRECKDUO  PAOK  BLANK-HOT  rUMSD 


(Table  36,  concluded) 


• Inexpensive  (~l^/bit) 

• 256  x 256  x 1 bit  recommended  module  size 

• Flexible  single  bit  addressing 

• High  data  rate  parallel  addressing  mode 

• Memory  module  to  include  flexible  buffer  for  interface 

• Growth  to  charge-coupled-device 


Controller  Design 

• Programmable  microprocessor  a chitecture  recommended 

• System  changes  by  ROM  programming 

• Common  design  for  DSC  and  Symbol  generator 

• Provides  mode  control,  address  control  and  built  in 
test  functions 


• TTL  mechanization 

• Fast^l.  0 psec  cycle  time) 


16  bit  wof^  size 


\ 

Symbol  Generator  Design 


* Programmable  ih- raster  symbol  generator 
recommended 

• Buffer  memory  for  conversion  to  raster  format 


• Uses  same  memory  module  as  digital  scan  converter 

• Uses  same  controller  design  as  digital  scan  converter 


• Software  changeable  symbol  shape  and  repertoire 

• All  digital  components 


164 


t 


4.  2 Display  Sweep  Format  Selection 

One  of  the  key  mechanization  decisions  that  must  be  made  in  the 
design  of  a display  system  is  the  selection  of  the  format  and  structure  of  the 
display  sweeps  The  sweep  formats  influence  the  deflection  amplifier 

numherf°f  d'  SpeCifjC  disPlay  s/stem  application  involves  the  evalSatfon^f™ 
number  of  diverse  factors.  The  final  format  selection  is  usually  a compro- 
mise  to  provide  the  best  performance  for  the  minimum  cost.  In  determining 
the  sweep  formats  for  the  Modular  Multi-Sensor  Display  System  emphasis  ^ 
was  piaced  on  establishing  a standard  scan  format  that  would  be  compatible 
with  multiple  system  applications,  minimize  the  display  indicator  wmSSitv 
assure  phosphor  protection  against  burns  during  sweep  failure  and  y’ 

«•»  r.cordi»g  and  pl.yback, or  ground 

consfderedmPa  7 W'  advanCed  flat  Panil  "“‘rix  displays  was  also 

Three  basic  display  sweep  mechanization  alternatives  were  studied: 

is  p— ted  in a 

2.  Stroke  - Sensor  data  is  presented  with  linear  sweep  generation 
formatted  for  the  specific  mode  (B-scan.  PPI,  etefund  all 
symbols  are  stroke  written. 

3.  Hybrid  - Sensor  data  is  presented  in  a standard  horizontal  tele- 

vision raster  and  symbols  are  stroke  written  during  frame 
retrace  time.  b 

These  three  mechanizations  were  evaluated  with  respect  to  the  following 

4.  2.  1 Radar  Image  Quality 

In  the  orthogonal  scan  formats  (B.  sidelooking.  TF)  there  is  no  differ 
— ln  ^age  quality  or  display  appearance  for  either  a TV  raster  or  stroke 

o the  ra^dLl‘:r,kb'?  Pr,°Vid'  “ 

of  the  radar  data  to  the  display  surface.  However,  in  the  PPI  modes  there 
is  a major  difference  in  the  transformation  of  the  data  from  the  radar’ to  the 
display  surface  as  a function  of  whether  a TV  raster  or  dpt  <•  . , 

d splay  presentation  is  characterized  bv  constant  X am-l  v i ..  . 

and  AY  where  AX  i=  the  a , “V  constant  X and  Y resolution  elements, 

~ « , the 
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TABLE  37.  STROKE  VERSUS  RASTER  DISPLAY  COMPARISON 


Parameter 


Raster 


Stroke 


Hybrid 


IMAGE  QUALITY 

SENSOR  DATA 

Orthogonal  Formats 
(B-Scan,  TV,  FLIR ) 

PPI  Format 


SYMBOLOGY 

Grids,  Scales 
Alphanum  erics 

Circles  and 
Vectors 
(Horizon  line) 


NO  DIFFERENCE  BETWEEN  APPROACHES 


Constant  X and 
Y resolution 
element  size, 
uniform  display 
element  spac- 
ing, range  and 
azimuth  reso- 
lution varies  as 
a function  of 
position  on 
display. 


Constant  range  Same  as 

and  azimuth  Raster 

resolution 
element  size, 
non -uniform 
display  ele- 
ment spacing 
may  result  in 
spoking,  better 
azimuth  reso- 
lution near  the 
apex,  better 
range  resolu- 
tion at  off  bore- 
sight  angles. 


NO  DIFFERENCE  BETWEEN  APPROACHES 


Spatial 

modulation  of 
lines  due  to 
discrete 
quantization 

Approximately 
50  to  100  per- 
cent wider 
symbol  line 
widths 


Smooth 

continous 

lines 


Same  as 

Stroke 


(Continued  next  page) 
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Raster 


Stroke 


MECHANIZATION 

COMPLEXITY 

CIRCUIT 

COMPLEXITY 

(RELATIVE) 

Symbol  Generator 

Deflection  Amplifier 

Scan  Converter 

DEFLECTION  POWER 

Peak 

Average 

Heat  Dissipation 

WEIGHT  (Normalized) 

modularity 

Interface 


40  W 
40  W 

No  Problem 


Retrofit 

growth  features 

Recording 


Single  line 
composite 
video 

Can  use 
existing  TV 
| mode  in 
indicator 


Simple  TV 
video  recorder 


160  W 

160  W 

Possible 

Problem 

1.  10 


X,  Y,  Z 
interface 


May  require 
modification 

to  the 
indicator 


Requires 

complex 

recorder 

Complex 


160  W 

80  W 

Possible 

Problem 

1.  00 


X,  Y,  Z 
interface 


May  require 
modification 

to  the 

indicator  I 


Requires 

complex 

recorder 

Complex 


CONCLUSION 


Recommended 


The  linear  sweep  PPI  format  (arc  scan  or  radial  sweep)  provides 
constant  range  and  angular  resolution  elements,  AR  and  A6,  where  AR  is  the 
range  scale  divided  by  the  number  of  range  samples  and  A0  is  the  azimuth  scan 
width  divided  by  the  number  of  azimuth  samples.  Radar  resolution  is  defined 
in  terms  of  the  pulse  width  in  range  and  the  antenna  beamwidth  in  angle  and 
therefore  corresponds  to  the  linear  sweep  format  resolution  parameters.  The 
TV  raster  resolution  parameters  must,  therefore,  be  converted  to  equivalent 
radar  resolution  elements  in  order  to  compare  the  performance  of  the  two 
systems.  A complete  analysis  of  the  TV  compatible  resolution  is  provided  in 
Section  3.8. 

The  results  of  this  resolution  analysis  indicate  the  requirement  for 
approximately  twice  as  many  resolution  elements  in  the  TV  compatible  PPI 
display  as  in  the  radial  or  arc  scan  PPI  display  to  provide  the  same  resolution 
quality.  However,  the  radial  scan  display  exhibits  severe  "spoking"  when 
limited  to  the  minimum  number  of  azimuth  samples  required,  and  therefore, 
normally  requires  considerable  more  samples  to  maintain  an  acceptable 
display  quality.  Thus,  the  radial  scan  display  normally  will  require  as  many 
resolution  elements  as  the  TV  compatible  display. 

4.  2.  2 Symbol  Image  Quality 

The  symbols  to  be  displayed  can  be  broken  into  two  major  types: 
straight  line  segments  either  parallel  or  orthogonal  to  the  raster,  and  conics 
and  straight  line  segments  at  an  angle  to  the  raster  such  as  the  horizon  line. 
The  first  type  of  symbols  are  equally  displayed  by  in-raster  or  stroke  tech- 
niques. Large  conics  and  vectors  however  are  of  slightly  higher  quality 
when  stroke  generated.  The  in-raster  generated  vectors  contain  some  spatial 
modulation  due  to  the  line  sampling.  This  results  in  slightly  wider  symbol 
line  widths,  since  the  symbols  are  normally  written  on  both  raster  fields. 
Techniques  of  minimizing  the  spatial  modulation  such  as  field  to  field  inter- 
polation and  overlapping  of  adjacent  lines  provides  good  quality  symbology. 

4.  2.  .3  Mechanization  Complexity 

Block  diagrams  of  the  alternate  mechanization  are  shown  in  Figure  77. 
Key  differences  are  apparent  in  the  PPI  address  generator,  sweep  generation, 
symbol  generation  and  display  deflection  circuitry.  The  raster  mechaniza- 
tion requires  more  complex  input  address  generation  and  symbol  generation 
and  less  complex  output  circuitry.  The  stroke  mechanization  requires 
simpler  input  address  and  symbol  generation  and  more  complex  sweep  gener- 
ation and  output  circuitry.  The  hybrid  mechanization  require  both  the  more 
complex  input  addressing  and  output  circuits.  One  advantage  in  favor  of  the 
raster  approach  is  the  minimal  use  of  analog  circuitry  which  results  in 
fewer  adjustments  than  are  required  in  the  stroke  and  hybrid  system.  Due 
to  the  variation  in  writing  speed  on  the  linear  (arc  scan)  display,  an  analog 
function  generator  is  required  to  insure  equal  brightness  over  the  entire 
display  in  the  stroke  alternate. 

The  display  required  for  the  stroke  and  hybrid  approach  is  more  com- 
plex than  the  TV  monitor  type  display.  High  power  linear  deflection  is 
required  in  lieu  of  the  tuned  deflection  circuitry.  The  basic  advantage  of 
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Figure  77.  Alternate  mechanizations. 
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tuned  deflection  is  derived  from  the  fact  that  during  retrace  the  deflection 
current  through  the  yoke  is  recovered  from  a capacitor  and  not  from  the 
power  supply  directly.  The  net  result  is  that  the  average  power  supply  cur- 
rent drain  is  reduced  by  a factor  of  two  resulting  in  a four  to  one  deflection 
power  savings. 

Another  mechanization  factor  is  the  relative  efficiency  in  the  amount 
of  memory  utilized  and  displayed  to  provide  the  PPI.  As  can  be  seen  in  Fig- 
ure 78  assuming  a square  display  format  and  a ±60  degrees  PPI  both 
approaches  result  in  unused  portion  in  the  memory  (in  the  PPI  mode  only). 

In  fact  for  this  condition,  the  linear  stroke  scan  (arc  or  radial)  results  in 
86  percent  memory  use  efficiency  with  the  TV-in-raster  approach  using 
84  percent:  an  insignificant  difference. 


Figure  78.  Comparison  of  memory  utilization  for  TY 
raster  PPI  and  linear  stroke  PPI  formats. 


The  in-raster  TV  approach  is  preferred  because  of  the  simplicity  in 
the  display  (low  power)  And  the  larger  reliance  on  digital  circuitry  in  the 
DSC  and  symbol  generator. 

4.2.4  Modularity  and  Growth  Features 

One  of  the  basic  advantages  of  the  TV  raster  display  format  io  the 
standardization  of  the  video  signal  for  recording  and  playback  and  for  use  on 
standard  television  monitors.  The  TV  raster  approach  provides  a single 
composite  video  line  containing  all  the  image  video  including  the  symbology. 
This  enables  interchanging  of  display  indicator  modules  and  interface  control 
modules  (DSC  and  symbol  generator ) with  no  possibility  of  requiring 
re-harmonization  of  the  system.  The  stroke  and  hybrid  deflection  approaches, 
with  their  requirement  for  X and  Y deflection  signals,  may  require  readjust- 
ment of  sweep  gain  and  centering  when  modules  are  changes.  The  TV  raster 
approach  also  enables  the  use  of  the  interface  control  unit  with  existing  tele- 
vision compatible  display  indicators  either  in  the  aircraft  or  on  the  ground. 


The  capability  of  recording  both  the  radar  data  and  the  superimposed 
symbology,  especially  in  the  track  modes,  on  a standard  video  tape  recorder 
for  playback  on  a standard  television  monitor  is  a major  advantage  of  the  TV 
compatible  approach.  This  reduces  the  ground  support  equipment  required 
for  recording  playback  to  a tape  playback  unit  and  a standard  525  line  monitor. 
\’o  special  interface  or  signal  processing  equipment  to  reconstitute  the  display 
is  required.  This  enables  making  maximum  use  of  the  recording  capa  ility. 
Also,  another  area  of  growth  potential  is  that  of  interfacing  with  a flat  panel 
display.  The  results  of  a recent  AFAI,  contract  conducted  by  Hughes  indi- 
cated that  the  optimum  input  format  for  a flat  panel  liquid  crystal  display  was 
a standard  television  type  format.  Random  access  display  addressing 
required  by  the  stroke  (and  hybrid)  scan  approach  would  significantly  compli- 
cate this  interface. 

4.  2.  5 Conclusions  and  Summary 

A summary  tradeoff  table  of  the  major  factors  was  shown  in  Table  40. 
From  this  analysis,  the  conclusion  is  that  the  in-raster  television  approach 
is  preferred.  This  approach  offers  a simplified  mechanization  with  better 
growth  potential  in  a form  that  is  easily  modularized.  A photograph  of  a TV 
compatible  PPI  digital  scan  converted  display  is  shown  in  Figure  79. 
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readout.  This  essentially  breaks  the  da*,  k*  ?oncurrei*t  with  display  datl 
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and  input/output  formatting  logic  must  be  added  to  the  memory  to  spread  out 

rate-  The  ncw  dcsien  — ^ 


Figure  81.  Modified  modular  multi-sensor  display  system. 


The  input  data  rate  varies  considerably  due  to  the  different  sensors 
accommodated.  With  a particular  sensor  and  a display  format  we  can  com 

TnUn„t°fneK°f  he  requi,rfd  lnput  addreas  generation  rates7  Consider  a radar 
input  to  be  presented  in  a PPI  mode  on  a 1024  by  1024  disDlav  Th#> 
conversion  required  is  given  by  the  formulae!  PUy'  The  ’ca" 


X = n1  sine 
Ny 

y ~ -“2“  + cos  6 


where  ' 

0 is  antenna  azimuth  angle 
x = 0,  y = o is  center  of  display 

nl  = the  range  element  count  and  varies  from  zero  to  1024 
Ny  = 1024*  the  number  of  display  elements  in  the  y direction. 

each  rad»‘r°™!i  !“4  ele™en*‘  be  «mpled  from  the  radar  video  for 
2000  Hertz  <3o  thl  • PV  ?ange  8weeP8  occur  at  rates  from  250  to 
2 048  MHz*  s!  el.eraen‘,r»"  m»y  be  as  high  as  (1024)  . (2000)  = 

Two10.HM,  add!e.,:,7x  .‘ndYri'rT6"'  500  nanosecond. 
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video,  the  next  logical  step  is  to  include  an  integration  module  to  provide 
both  the  processing  and  input  buffer  function.  Thus,  the  input  loading  to  the 
main  memory  can  be  achieved  when  desired  and  slowed  down,  thereby  allow- 
ing the  use  of  a lower  cost  main  memory.  Other  video  processing,  peak 
detection  and  truncation  are  also  performed  in  this  function. 


With  the  integrator  buffer,  the  maximum  rate  of  input  address  genera 
ti°n  ls  determined  by  the  requirement  to  write  every  display  address  in  one 
antenna  azimuth  sweep.  Maximum  azimuth  sweep  rate  is  about  100  degrees 
per  second  and  antenna  limits  are  ±60  degrees.  For  a 1024  by  1024  display 
the  length  of  a PPI  address  sweep  at  center  screen  is  1024  addresses.  The 
length  of  the  arc  for  a 60-degree  angle  is  approximately  equal  to  the  radius. 

1 hus,  a 1 20-degree  scan  requires  about  2048  address  sweeps  to  write  in  each 
memory  location.  The  address  sweep  rate  is  then: 


(2048  address  sweeps)  _ (100  degrees) 
120-degree  Scan  x second 


1.  7 kHz 


Since  each  address  sweep  covers  1024  addresses 
address  rate  is: 


the  maximum  element 


(1024)  x (1.  7 kHz)  = 1.75  MHz 


a 1024  by  ,1024  dl3play  has  each  address  at  the  limit  of  the  radius 
gemmated  once  per  azimuth  scan.  Addresses  nearer  the  sweep  start  point 

mfny  time3-J  An  actual  disPlaV  is  probably  not  this  demand- 
ing  due  to  cut  offs  at  screen  edge.  However,  this  maximum  rate  must  be 
obtained  for  the  mid-screen  address  sweeps.  Since  several  arithmetic  func- 
t-1in*V°1Ver  m Senerating  each  memory  address,  this  rate  is  beyond 
S a Processor  30  a special  input  address  generator  must  be 

* address  generator  is  directed  by  the  controller  which  generates 

venerA?  sta,rtlng  P^nts  and  slopes  from  which  the  input  address  generator 
generates  the  specific  memory  addresses.  K 

I he  resulting  recommended  digital  scan  converter  architecture  is 

a^stor^J-811^  8 ' -InpUt  Vid6°  18  A/D  averted,  processed  (and  buffered) 
and  stored  in  the  main  memory  for  continuous  display  refresh  in  a TV  for- 

°UtRUt  memory  addressing  is  achieved  in  address  generators 
“ lled  by  a microprocessor  type  controller.  In  addition  to  address  con- 
• _1’  contr°ller  sets  the  processing  parameters  and  selects  the  desired 

bS  L »”«o“°n  °f  the  *eleC,ed  m°d'-  11 
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Figure  82. 


Final  MMSDS  digital  scan  converter  architecture. 


4*4  Memory  Trade-Off  Study 

architecture^ the^ne^most^im^or^nt  ^aak  the  « «■«*« 

memory  type  and  structure  For  ™ a \ th  d®flmtlon  of  the  optimum 
be  modularly  expandable  and  capable  of  ° ula*  appllcation'  this  memory  must 
multiple  sensor  loading  fo^  a TV  output  format  with  a 

being  loaded  in  all  the  ay^tem  radar  f!^.  ;0^1^  lt  muSt  be  capable  °f 
provide  the  scan  conversfonTunctiol/anTf  ^ llne  *can  EO  formats)  to 

frame  (or  field)  freeze  capability  The  flexTbmtv  r * pr°vide  a TV 
functions  dictates  the  use  of  a random  b 1 ty  reqoired  to  provide  these 

It  is  likely  that  advanced  ser?al  lcr!T.  memory  at  the  present  time, 

will  become  competitive  in  price  in  th  ™®morie®  (Charge  Coupled  Devices) 
application.  Therefore  at  th!  I he.futu”  and  compete  for  use  in  this 
aerial  acce.a  charge  coupled  device,  i.  d".^,.'’^''^0"'  *PpUc*“on  of 

4-4<1  Memory  Type  Selection 

Evaluation  Criteria 

core  memory  modules  wMch^ompriluT' th C b"  indicates  the  u8e  of 

system.  This  module  should  bS  the  building  block,  of  the  memory 

ing  flexibility  compatible  with  the  decision  .re88ab*e  to  provide  the  address- 
tion  in  a TV  raster  It  must  be  low  ° .provide  a11  displayed  informa- 

digital  signal  transfer  unit  may  be  in  the  equipment  ^V^f  a'hig ^per f olmanc e 
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fighter  aircraft,  the  temperature  and  vibration  environment  must  be 
considered.  It  is  desirable  to  minimize  the  unit  size  ai.d  weight,  and  there- 
fore the  memory  packaging  density  should  be  maximized. 

Alternative  Technologies 

Table  38  reflects  the  random  access  memory  technologies  which  can 
reasonably  be  considered  at  this  time  ( 1974).  Parameters  for  evaluation 
include  power,  volume,  weight,  speed,  price,  and  component  availability. 
Power  estimates  are  based  on  continuous  operation  at  (or  near)  maximum 
speed  since  the  display  must  be  continually  refreshed.  Volume  is  based  on 
extrapolations  of  available  components  (and  systems).  By  going  to  hybridi- 
zation even  further  reduction  in  volume  and  weight  can  be  attained.  Speed  is 
expressed  in  cycle  time  where  the  overall  system  data  rate  is  equivalent  to 
the  reciprocal  of  the  cycle  time  times  the  number  of  bits  addressed  in  paral- 
lel. A typical  digital  scan  converter  may  require  a read  data  rate  of  30M 
bits/ sec  (500  x 500  elements  x 4 bits  each  x 30  Hz),  Since  it  is  desirable  to 
time  share  at  least  on  a 50  percent  basis  with  the  writing  of  new  data,  a 
60M  bit/ sec  minimum  data  rate  is  required.  Therefore  a cycle  time  of  1 psec 
would  require  addressing  60  bits  in  parallel.  The  prices  are  based  on  esti- 
mates to  provide  production  memory  systems  suitable  for  use  in  airborne 
military  aircraft. 

Memory  Selection 

The  baseline  selection  for  this  application,  at  this  time,  is  dynamic 
MOS  RAM.  The  actual  selection  of  P or  N channel  should  be  made  during  the 
detail  design  to  reflect  the  latest  tradeoff  factors.  Both  provide  relatively 
low  power  operation,  small  size  and  a low  price.  The  cost  of  ownership  is 
reduced  over  core  and  plated  wire  since  they  are  easily  repaired.  Core  and 
plated  wire  failures  are  extremely  difficult  to  repair. 

4.  4.  2 Memory  Format 

The  actual  size  and  configuration  of  the  recommended  memory  module 
was  determined  by  alternately  considering  the  input  and  output  format 
requirements,  module  size  and  memory  size  requirements  of  the  various 
applications.  The  minimum  memory  size  increment  is  65,536  bits.  It  repre- 
sents a display  configuration  of  128  x 512  elements  (F-106)  or  256  x 256  ele- 
ments with  a one  bit  video  level.  It  is  obtained  with  16-4096  bit  MOS  RAM 
devices.  One  bit  level  was  selected  to  provide  maximum  flexibility  since 
2 bit  levels  would  force  systems  into  an  even  number  of  quantization  levels. 
For  maximum  flexibility  the  4K  x 16  memory  arrangement  must  be  single  bit 
alterable  that  is,  one  bit  can  be  changed  in  one  memory  cycle  without  modify- 
ing the  other  15  bits  of  the  data  word.  One  bit  addressing  is  required  since 
the  integrator  is  unloaded  one  element  at  a time  and  the  PPI  (and  side  looking 
modes)  cannot  be  loaded  with  several  elements  in  parallel  at  the  same 
address.  This  requirement  is  shown  in  Figure  83.  The  multiple  bit  video 
and  symbol  generation  requirement  is  obtained  by  building  up  the  display 
using  these  memory  modules  as  shown  in  Figure  84. 


TABLE  38.  typical  CHARACTERISTICS  ,973/74  RAM  TECHNOLOGY 


— V 


igtire  83,  Mapping  of  16  bit  memory  word  on 
display  raster  illustrating  requirement  for 
single  element  addressing 
in  PPI  mode. 
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Figure  84.  1024  x 1024  x 3 bit  display  configured 

from  256  x 256  x 1-bit  memory  modules. 


In  addition  to  the  single  bit  loading  capability,  parallel  multiple 
element  loading  must  also  be  provided  for  a television  freeze  capability 
Memory  module  configurations  up  to  a 1023  line  x 1024  element  caoabilitv  for 
system  growth  is  necessary.  The  active  line  time  of  1023  line  vid^o  is  ' 

. 6 psec.  Therefore  to  load  1024  elements  a single  bit  at  a time  would 
require  a memory  cycle  time  of  25  nsec.  This  is  beyond  the  capability  of  the 
recommended  MOS  memory  technology.  To  provide  the  1024  x 1024  capa- 

m Figure  fe<*uir*d  f°r  each  bit  stored  (shown 

400  . S‘nCe  Cach  module  can  accept  a 16  bit  word.,  a cycle  time  of 

econd  is  adequate.  This  is  obtainable  with  N channel  MOS  RAMS. 

T erefore  tWO,,ln.put  f°rmats  are  required,  a single  bit  load  mode  and  a 16  bit 
ocx  iai  to  paraxiei  converter  tor  maximum  loading  rate  of  the  1023  line  TV 
frame  freeze. 

fprr  , Analysis  of  the  radar  data  loading  revealed  that  data  cannot  be  trans- 
ferred  d^ectly  from  the  integrator  into  the  main  memory  without  excessive 

Ind  th  lnpUt.  da*a  lnt°  the  integrator.  This  happens  because  the  main  memory 
and  th_  input  integrator  cannot  simultaneously  be  loaded.  This  problem  is 
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illustrated  in  Figure  85  tl  , 

"TPv:r.,r- iM egr*'"  o»«si  is1.  ^ the  ™m°'v  *. .» 

b“” 1 ■* sssr ei,h"  ** 256  ”2w%?u”*ii2^”^T.xT^F.t 

16°blf  ^ raster-  T7ie%7j7‘L™nThe  y m“a‘  be  'n  synchronism  with  the 
" ™ ,0  serin,  eo»iers“ ?s' £ 
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«V»r  » lower  speed  reedoei 

f . '*7'"  10  erata  uj  a uaia-iiiiK  o r computer.  In  this  moHp  the 

output  display  is  blanked  for  a short  time  until  a rnmnlete  *. 

inHb-‘i--Ar  S°  " di8J>lay  freez«  -ode  of  any  senior  "vid^T.  p^Wdcd  bP' 
“lcm0ryi0aaing  and  continually  reading  the  stored  data.  The 
esultant  memory  function  possesses  two  input  loading  modes,  a FIFO  buffer 
^ output  format  logic.  The  detail  module  design  is  presented  ’ 

1 ii  u * ■ II I mi  . '■  r.  i m i"k  o ■».  t * ‘ 

- • - ~~  * VpUl  b. 

“ Memory  Module  Using  Charge  Coupled  Devices 

Charge  coupled  deviroc  r»ea»-v-,ioa  : j „ _ , . , , 

w. . ‘ e- e.—wC  ow  :.aiviac  a very  nign  aen<=’<‘v  in™ 

memory  lunccions.  However  it  will  be  several  vp'r-  l--r-  “ r 1 v 

sid«r.d  state  o,  ft,  art.  WW„  ch.re.  c otTpYcd tlZZ  pen. .‘t'/ach  “he'st-r-' 
of  development  where  they  become  cost  competitive  with  MOS  » AM-crnr-^ 
uie  v,LD  memorv  moriuie  riperrihoH  ~>^,r  u~  _..i_  44 

^ : • . _ j D A » . ' _ ■ ■ " ~ ~ w “'“i  ^ ouubiuuten  Tor  one  or  mnrp 

hern"  Rfh  memory  modules.  CCD  memories  are  being  watched  with  interest 
because  they  are  expected  to  eventually  offer  much  greater  pacing  ^ -Tty 

Sc-  Wnolar  RyA^rSa^-r  SpCed'  l°W«r  P*"™  • -d  lower  cost  pfr  b!V' 

utP°lar  KAlvls.  me  greater  packing  density  and  lower  power  of  r^- 
-emory  module,  will  be  required  to  store  the  digi^zed  image 
the  in'io' solutic,,  Since  CCDs  can  be  low  noise  analo  devices8 

LemTrv  1 ***  r m lts  analog  for--  This  will  allow  reauction  in’ 

However  "anah^VcD  7 ^ ^ equivalent  nu-ber  of  intensity  bits. 

anal°g  CCD  technology  is  currently  severely  limited  in  terms  of 
storage  time  available  and  will  probably  not  be  applicable  for  severa^ea/s. 

Mechanization 

A CCD  memorv  mndnlp  o=>~  ho 

— - • ’ ““  fti*****ihU  1H  tWO  WetVS.  Or  oan  i7p  (-ion  A 

as  snown  in  figure  86  can  be  used  only  for  orthogonal  coordinate  conversion 
reeze  but  is  very  efficient  in  that  few  components  other  than  the  CCD 

TnT^LTtoZTctn  °r®ani?tion  B requires  a smaU  VuSermemVry 

“/I,”  t ?,CD  -emory  to  temporarily  store  input  video  and  incre-  * 
Vnd  f 1 ? d Y addresses  can  be  used  in  all  the  multi-sensor  modes  A 
modified  memory  input  and  output  address  generation  program  will  be 

TheUblock  l10Wever  fdr  *he  DSC  controller  module  to  accommodate  the  CCDs 
Jnns^c  c igram  °f  thl/  SeCond  organization,  which  appears  in  Figure  87 
consists  of  a large  set  of  sequential  access  memory  units  such  as  an  ar-  ' 

»^rT,c™„pie,toSerdicli':8  r shif*  r.si 

* d tlming  and  contro1  circuitry.  The  sensor  data  are  placed  in 
the  CCD  memories  such  that  one  set  of  serial  memories  (three  51 2b  it 

^st^rTVe!”  examPle)  contains  the  digital  video  for  one  horizontal  display 

While  all  memories  shift  in  synchronism,  the  PPI  data  is  entered  in 
a staggered  fashion  so  that  only  one  bit  of  data  need  be  entered  into  the 
memory  matrix  during  any  clock  interval.  Therefore,  a radial  line  of  PPI 
data  can  be  entered  into  the  memories  in  a small  fraction  of  the  displayframe 

tetrace  after'the^^r*  *°  3Wft  ‘°J  e‘ghl  Cl°Ck  ‘n“™U’  d»ring  horizontal ' 

t£ .Hrn^ ,hTfi7.,  dlirtolerret,lts  dala  to  the  display' 

..  , ° urings  tne  first  data  m the  next  memory  up  to  the  front 

maVS13dVriLiThe  aVfnPUHaddire8,3  3taggering-  The  data  out  of  the  memory 
matrix,  during  the  active  display  line  times,  appears  in  the  proper  order  as 
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i igure  86.  Alternate  serial  memory  organizations. 
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Figure  87.  Display  coordinate  converter  for  a sequential  access 
memory  detailed  block  diagram. 


if  only-  the  active  memory  was  being  shifted.  The  two  alternating  RAM  buffers 
T.°nta,lnAng,  Vlde°  and  .r.elatlve  mem°ry  addresses  are  used  to  allow  inserting 

ernory  matrix  as  a function  of  the  relative 


PPl  data  from  one  RAM  into  the 


address,  synchronized  to  the  data  shifting,  while  the  newest  line  of  sensor 
data  is  loaded  into  the  other  RAM  under  sensor  timing. 

4.  5 Controller  Design  Study 

The  controller  design  was  primarily  based  on  the  digital  scan  con- 
verter requirements.  However  the  in- raster  symbol  generator  requirements 
were  considered  also.  At  the  conclusion  of  the  symbol  generator  section, 
the  applicability  of  this  controller  for  symbol  generation  is  discussed. 

The  controller  design  is  essentially  a special  purpose  microprocessor 
designed  around  the  control  requirement  of  the  digital  scan  converter.  The 
digita.  scan  converter  functions  of  the  controller  are  first  listed,  followed  bv 
a traoentt  of  alternate  controller  architecture.  A description  of  the  selected 
controller  along  with  some  sample  programming  considerations  are  then 
discussed.  Finally,  the  built-in-test  function  philosophy  is  discussed. 

4-5-1  Initial  Requirements  for  the  Digital  Scan  Converter  Controller 

A list  of  all  the  control  functions  performed  in  a digital  scan  con- 
verter  are  included  below.  It  is  desired  io  perform  as  many  as  possible 
of  these  functions  within  the  controller.  Some  of  these  functions  involve 
relatively  complex  data  operations  which  must  be  executed  at  a 60  Hz 
display  frame  rate.  Others  occur  relatively  infrequently  and  require  very 
little  controller  time.  } 

1.  Receive  and  decode  input  dare;  set  up  mode  and  control  signals 
for  various  functions;  determine  required  constants  for  various 
functions. 

2.  Control  input  video  sampling  and  storing: 

A/D  clock  frequency:  Function  of  radar  pulse  width, 

range  scale  selection,  number  of 
range  bins  in  integrator. 

Start  sampling  command:  Function  of  mode,  altitude  delay, 

expand  sweep  offset,  velocity 
stabilized  offset 

Stop  sampling  command:  Function  of  number  of  samples 

taken 

Video  gain 

Video  offset  bias 
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3.  Control  video  integration  and  intensity  transfer  function 


Integration  feedback 
constant: 


Integrate: 
Peak  detect: 

Truncation: 


Multiplying  factor  — function  of 
beamwidth,  PRF,  antenna  scan 
rate 

Addition  — number  of  bits  in  adder 
and  accumulating  register 

Compare  — number  of  range  bins 
collapsed  function  of  main  memory 
size-integrator  memory  size 

Transfer  function  shape  — gain 
factor 


4.  Load  and  store  video  in  display  refresh  memory 


Frequency  of  sampling 
integrator: 

Coordinate  conversion: 
(Write  address 
generation) 

Out  of  scan  limit 
erasure 


Function  of  mode,  horizontal 
resolution,  antenna  scan  rate 

Function  of  mode  — B-scan,  PP1, 
PPI  expand.  E-scan,  SLAR, 
ground  range  corrected,  TV, 
FLIR,  etc. 


5.  Special  processing  in  memory 

Integration  — multi-frame  aging 

Motion  Compensation  — passing  scene  — (PP.l) 

Dynamic  range  adjustment  — histogram  equalization 

6.  Read  out  display  refresh  memory  in  display  format 

Read  address  generation 
Display  synchronization 

7.  Special  functions 

Freeze  data  in  memory 
Erase  data  in  memory 


$ 
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Terrain  Following  and  Ground  Kange  Clock  Generation 
Data  link 

8.  Built-in-test 

4.  5.  2 Controller  Architecture  Selection 

Four  possible  architectures  were  considered  to  implement  the  Digital 
Scan  Converter  Processor/Controller.  They  are  described  in  the  following 
paragraphs  and  pertinent  characteristics  are  compared  in  Table  39. 

General  Purpose  Minicomputer 

One  of  the  first  possibilities  considered  was  to  use  a general  purpose 
minicomputer  of  the  type  commercially  available.  Such  a machine  is  designed 
to  perform  as  a small  stand-alone  data  processor,  a process  controller, 
aud/or  as  a peripheral  device  in  a larger  computing  system.  The  design 
objectives  for  these  machines  (off  the  shelf)  are  to  have  absolute  low  cost 
even  at  the  expense  of  performance.  Interconnections  are  minimized  by  using 
bus  architectures  and  byte  (partial  word)  at  a time  internal  operations,  rather 
cnan  iuii  word  operations.  Speed  is  usually  sacrificed  to  reduce  cost  for  a 
competitive  market.  To  the  user  the  machine  appears  to  be  equivalent  to 
larger  machines  in  language  and  accuracy  but  much  slower  than  a big  com- 
puter and  with  much  less  memory  available.  Operations  are  performed 
primarily  in  the  standard  fetch  and  execute  mode.  In  this  mode  two  memory 
words  are  used  for  each  operation.  The  first  word  establishes  a machine 
state  (defines  arithmetic  operation)  and  the  second  w«rd  contains  the  data  to 


pC4atcii  on. 


ins  ni 


iber  of  memory  locations  required  compared  to  the 
number  of  program  steps  is  called  overhead  and  for  the  general  purpose 
minicomputer  the  overhead  is  at  lease  100  percent.  This  overhead  is  not 
objectional  when  many  different  types  of  programs  are  to  be  run  on  the  same 
machine,  but  for  a special  purpose  machine  this  flexibility  causes  inefficient 
memory  use,  slower  operation,  unnecessary  weight,  and  excessive  parts. 
Therefore  it  appears  inappropriate  for  this  application. 

General  Purpose  Microprocessor  Computer 

The  microprocessor  computer  is  based  on  MOS  integrated  circuit 
processing  unit  fabricated  on  a single  chip  or  on  a few  chips.  Thi3  type 
processor  is  used  extensively  in  portable  hand  calculators.  It  is  relatively 
slow  compared  to  most  minicomputers.  Generally  it  runs  even  slower  than 
its  associated  memory.  Althouth  appealing  due  to  their  small  size  and 
few  chips,  these  processors  are  much  too  slow  for  this  application. 


Direct  Functional  Mech 


*4atli4idUUn 


n this  type  of  mechanization,  hardware  is  uniquely  designed  to 
acnieve  the  required  function.  This  type  of  design  usually  results  in  the 
minimum  amount  of  circuitry  and  the  fastest  machine,  but  it  is  the  least 
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TABLE  39.  TABLE  OF  ALTERNATE  ARCHITECTURE  CHARACTERISTICS 
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flexible.  The  lack  of  flexibility  would  be  undesirable  in  a modular  system 
because  it  couldn't  be  adapted  to  control  different  systems  and  different 
modules  without  extensive  hardwired  modifications. 

Special  Purpose  Programmable  Controller 

A special  purpose  programmable  controller  is  a control  unit  designed 
vvxtn  a particular  application  in  mind  and  utilizing  a control  program  to 
sequence  operations.  Tt  is  essentially  a processor  structured  to  fit  a 
particular  class  of  applications.  Speed  of  operation  and  simplicity  of  design 
are  obtained  by  considering  the  special  purpose  when  designing  the  machine 
and  tiexibility  is  retained  by  using  program  control.  This  is  the  most 
appealing  architecture  for  the  digital  scan  converter  in  terms  of  speed  and 
flexibility.  Two  different  technologies  were  considered  for  mechanizing  the 
special  purpose  controller:  emitter  coupled  logic  (ECL)  and  transistor'" 
transistor  logic  (TTL). 

The  possibility  of  using  the  emitter  coupled  logic  family  to  build  a 
very  fast  processor /controller  to  reduce  physical  hardware  was  studied. 

Use  of  the  fastest  MECL  circuitry,  with  its  one  nanosecond  switching  times, 
driving  a fifty  ohm  load,  requires  great  care  in  physical  layout.  With  such’ 
fast  switching  times  conventional  printed  circuit  boards  must  be  replaced  by 
Su^ P“ne.8  an<*  ground  plane  techniques.  A dual  arithmetic  unit  (MC  1686)  in 
this  family  adds  two  bits  to  two  bits  in  3.  0 nanoseconds  (1.5  ns  per  bit)  and 
is  the  most  complex  package  available.  For  comparison  a TTL  high  speed 
arithmetic  logic  unit  (SN  54181)  with  look  ahead  carry  (SN  54182)  can  add 
16  bits  to  In  bits  in  36  nanoseconds  (2.  2 ns  per  bit).  So  the  gain  in  speed 
through  the  use  of  ECL  is  about  1.  5 ns  versus  2.  2 ns  in  this  case.  Without 
1°' °!CTTah1.ead  ,carry  the  SN  54181  requires  add  times  of  about  4 ns  per  bit. 

M ECL  IL  men  iuoks  about  2-1/2  times  faster.  MECL  II  is  slower  than 
MECL  III  and  has  an  add  time  of  about  4.  5 ns  per  bit.  MECL  10,  000  lies 
somewhere  in  between  in  speed  but  has  several  attractive  features.  The 
4 bit  Arithmetic  Unit  MC  10181  adds  4 bits  to  4 bits  in  about  7 ns  (1.  75  ns 
per  bit).  This  family  has  relatively  slow  rise  and  fall  time  to  allow  the 
usual  printed  circuit  layout  techniques  and  point-to-point  wiring.  It  also  has 
transmission  line  drive  capability. 

In  summation,  the  use  of  emitter  coupled  logic  would  appear  to  give 
a speed  increase  on  the  order  of  2 to  2-1/2  for  additions.  Other  logic  opera - 
tion  speeds  might  be  increased  even  more.  This  means  the  ECL  controller 
might  do  about  3-4  times  as  much  data  manipulation  as  the  TTL  controller 
This  would  certainly  allow  the  DSC  controller  and  symbol  generator  con- 
troller to  be  combined  with  the  additional  possibility  of  performing  the  input 
address  generation.  The  speed  increase  is  costly,  however.  The  ECL  cir- 
cuits are  about  2-3  times  the  cost  of  TTL  circuits  and  many  more  would  be 
required  Reliability  might  be  reduced  as  ECL  has  a much  lower  noise 
margin  than  TTL  and  some  TTL  would  still  be  needed.  TTL  switches  from 
low  current  to  high  current  states  and  this  causes  noise  on  power  supplies, 
bince  ECL  is  less  immune  to  noise  some  separation  of  supplies  would  be 
necessary.  A final  and  very  important  consideration  is  that  ECL  logic  is 


not  considered  state  of  the  art  LSI  at  this  time.  Therefore  a TTL 
mechanization  of  the  special  purpose  programmable  controller  is  preferred. 
The  selected  digital  scan  converter  functions,  previously  listed,  which  can 
be  accomplished  in  this  controller  are  listed  in  Table  40. 


TABLE  40.  SELECTED  CONTROLLER  FUNCTION 


1.  Selects  input  video  and  synchronizing  signals. 

2.  Controls  the  integrator  bv  supplying  the  appropriate  inte- 
raticn  constant,  p,  and  the  total  number  of  range  samples 
to  be  received,  RT. 

3.  Controls  peak  detector  output  clock  and  controls  truncation 
logic  by  loading  a new  truncation  map. 

4.  Controls  memory  input  address  generator  by  supplying 
start  points  and  line  slopes  and  incrementing  the  values 
as  needed. 

5.  Interprets  DAIS  or  other  data  interface. 

6.  Controls  built-in-test  functions. 

7.  Controls  general  purpose  clock  generator. 

S.  Controls  display  synchronizing  generator  by  supplying  a 
rate  word. 


4.5.3  Controller  Description 

The  special  purpose  programmable  controller  consists  of  four  main 
elements.  These  are  the  arithmetic  and  logic  unit  (ALU),  the  microprogram 
control  and  memory,  the  program  operand  memory  and  the  controller  I/O 
interface.  Additional  elements  such  as  multiplexers,  data  selectors,  and 
disconnects  are  also  needed  to  route  the  flow  of  data.  These  elements  are 
organized  basically  into  a single  address  processor  with  microprogram 
control  as  shown  in  Figure  88. 

The  microprogram  is  stored  in  the  control  ROM  as  a sequence  of 
control  words.  The  output  word  of  the  control  ROM  is  called  the  control 
word  and  it  establishes  the  state  of  the  various  multiplexers,  the  ALU,  and 
Lhe  registers.  The  control  ROM  itself  is  stepped  more  or  less  sequentially 
through  its  addresses  by  the  program  counter.  A derived  clock  signal  is 
used  to  step  the  program  counter. 

A 20  megahertz  clock  is  received  and  divided  by  five  to  obtain  a four 
megahertz  clock  and  five  intermediate  phases.  The  four  megahertz  clock 


Figure  88.  Special  purpose  programmable 
controller  block  diagram. 
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t0  VPp  thf-  Pro^am  hunter  and  cause  new  control  words  to  appear 
The  five  intermediate  phases  are  used  to  ensure  that  data  has  settled  befor- 
gating  data  «*•  The  phases  are  also  used  to  execute  multiple  ' 
The  rnnlt  T °"e  Prograin  steP  and  to  speed  up  the  multiplication  routine, 
a HatT  1 Pi  lHlf  program  steP's  are  al3°  very  useful  for  selecting  a part  of 
d When  “ operatlon  18  required  on  only  part  of  the  data  word  or  the 
77  ults..Ai’e  o°t  correctly  aligned  with  the  data  bus  or  the  receiving  device 
Uus  multiple  shift  capatnlity  many  program  steps  and  memory  loca- 
tions would  be  wasted  to  accomplish  the  same  function.  ^ 

• 

i 

| 

The  four  bit  shift  counter  is  used  to  control  the  multiole  shift 

I™  l0adfd  With  the  one’s  complement  of  the  number  of  shifts  desired 
.he  data  worn  in  tne  ALU  and  the  shifts  are  performed  at  the  20  MHz  rate. 

An  arithmetic  and  logic  unit  is  needed  to  increment  numbers  and  ner 
a£Tn  The”!  t0.detetrmin®  increments  for  sidelooking  mode  and  symbol 
subtraci  Iime  iC-a  l0glC  Unit  (ALU)  is  16  bits  wide  and  can  add, 

Sc^a/e  is  a^h  ft7a?oraan  1“Cr.eme“t  ^ numbers.  Included  in  the  same 
package  is  a smft/storage  matrix  which  can  shift  right,  shift  left  Darallel 

oad.  or  s.mplv  hold  lb  bit  data  words.  Tho  mods  of  operation  of  £ ALU  is 
etermined  by  certain  bits  of  the  control  from  the  control  ROM. 

t i 

I i 

* 

i 

i 

•i  TjC  Torking  regi9t«?r  store  is  used  with  the  ALU  to  hold  data  tem- 
porariiy  during  computation  or  to  store  results  of  computation  There  are 
latchlng  registers,  one  shift  register,  and  one  address  register. 

oh  ri  ThC  ^ ,X->o6  constant  ROM  contains  256  values  of  sin  9 from  0 to 

mode*  liV?  ““  *Z«?  lilCremental  corrections  for  sin  0,  that  are  used  in  PPI 
t ■,  . r a particular  angle  adding  an  incremental  correction  to  the  nearest 

o the ^ROMeisrea87ilIhT  T 9 f°  an  aCC“raCy  °f  fifteen  bit3*  The  remainder  * 
of  the  ROM  is  available  for  storage  of  video  truncation  breakpoints,  line 

slopes,  reciprocals,  or  any  other  constants  needed. 

The  ?SC  C *oller  design  is  partitioned  basically  into  the  ROM 

on  a seLrlte  module  fe™ining  elements.  The  ROM's  would  be  contained 

°”,a  ®eparate.  and  changmg  from  one  aircraft  system  to  another  or 

S^d‘SoLd"oXr  would  involve  “■  — r p "- 

s te  logic  to  simplify  the  bus  connections.  Converting  this  logic  to  LSI  may 
involve  more  risk  than  is  desirable.  This  is  due  to  the  fact  thft  in  tri-stTte 

ro«lgnV  gate  °utputs  are  connected  directly  together.  Internal  gate  enable* 
connections  remove  tue  drive  currents  from  the  output  transistors  (both 
poll-up  and  pull-down).  If  „ny  0,  these  outpal  ^ 

J.  large 'currents  could  flow  in  the  chip.  This  would  very  likely  cause’ 

t7fhnCi m?7da7ag e t0  make  uhe  LSI  wafer  ^salvageable  by  jld  relocation 
techniques.  Hence,  a much  lower  yield  would  be  expected  for  tri-state  LSI 
For  thes«*  reasons  t cr  4 - ___  * ,1  ,,  ^ 1 1 state 

it. 

. , . " * mots,  me  design  of  the  controlier  would  probablv  be  con- 

gatesf  9traight  TTL  and  ordinary  multiplexers  would  replace  the  tri- state 
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4.5.4  Programmed  Controller  Operation 

The  programming  of  the  controller  is  best  described  by  the  monitor 
flow  chart  (Figure  89).  The  steps  in  the  flow  chart  are  carried  out  by  the 
microprogram  stored  in  the  control  ROM. 

When  power  is  switched  on,  the  program  counter  is  automatically 
cleared  and  the  microprogram  starts  from  location  zero.  From  this  start 
point  the  first  microsubroutine  attempts  to  read  the  new  mode  word  from  the 
DAIS  interface  (or  other  interface  module  for  non-DAIS  systems).  This  new 
mode  word  is  stored  and  decoded  as  needed  in  the  succeeding  mode  change 
subroutines.  Within  the  mode  change  loop  the  controller  sequentially: 

Blanks  the  display  screen  to  prevent  distracting  and  incor- 
rect data  from  being  displayed. 

Stores  mode  word  data  and  any  data  which  would  be  lost  by 
succeeding  subroutine  operations.  Thise  could  be  for 
example  the  last  value  of  9 used  in  an  address  calculation. 

Selects  the  appropriate  display  synchronizing  clock  frequency. 

Selects  the  appropriate  video  input  line  and  A/D  sample  clock 
frequency. 

Selects  the  feedback  constant  for  the  input  integrator. 

Selects  the  number  of  range  bins  otn-red.  (These  values 

are  program  stored  as  a function  of  mode,  ) 

Generates  a new  video  truncate  map. 

Performs  the  pilot  confidence  level  module  test  if  requested 
by  pilot.  This  is  an  overall  check  of  signal  levels  to  the 
functional  level. 

If  requested  by  maintenance,  a detailed  module  test  is  per- 
formed possibly  with  the  aid  of  an  additional  plug-in  control 
program  ROM  and  display  readout  test  set.  Defective 
modules  could  be  easily  identified  and  an  exhaustive  test 
reliably  performed  in  a manner  of  seconds. 

Unblanks  the  display  to  present  data  to  the  pilot. 

When  a new  mode  has  been  established  and  all  the  constants  supplied 
to  the  rest  of  the  DSC  modules,  the  controller  operates  within  the  small 
address  loop.  Here  the  particular  address  equation  for  the  existing  mode 
is  repeatedly  solved  to  accomplish  the  actual  scan  conversion.  Display  line 
or  radial  slopes  and  starting  points  are  sent  to  the  input  address  generator 
at  approximately  the  horizontal  display  line  rate  or  the  PR F rate. 
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Figure  89.  Monitor  program. 
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The  multiplication  subroutine  is  essentially  a single  bit  algorithm  but 
the  shifts  and  adds  are  performed  at  near  chip  speed  rather  than  at  program 
step  speed.  The  multiplicand  is  loaded  into  any  of  the  available  data  registers 
and  is  gated  to  the  ALU  input.  The  multiplier  loads  into  a shift  register.  The 
ALU  accumulator  is  cleared  and  at  the  multiply  command,  the  accumulator 
loads  as  directed  by  the  multiplier  bits,  accomplished  with  right  shifts 
after  each  bit.  The  program  counter  is  disabled  until  the  shifts  are  completed 
and  the  carry  appears  out  of  the  shift  counter.  Only  positive  numbers  may  be 
multiplied  so  program  steps  are  needed  prior  to  multiplication  to  correct 
signs.  This  subroutine  is  used  to  generate  the  line  delay  constant  in  the  side- 
looking  and  offset  modes. 

A preliminary  listing  of  the  instructions  required  for  this  controller 

is  shown  in  Table  41. 

4.  5.*s  Built-in-Test  Usinsr  the  Controller 

The  programmable  controller  makes  Built-in-Test  (BIT)  readily 
attainable  and  a most  attractive  feature.  A repeatable,  reliable  test  under 
program  control  can  be  requested  by  maintenance  personnel  to  identify  faulty 
modules.  A minimum  of  detailed  technical  knowledge  is  required  for  module 
replacement  repair.  A less  detailed  overall  confidence  test  is  available  on 
pilot  command  (c.  g.  , preflight  checkout)  to  verify  the  operational  status  of 
the  DSC.  These  two  tests  should  significantly  reduce  the  cost  of  ownership 
by  holding  down  time  to  a minimum.  Future  systems  or  unique  installations 
are  easily  accommodated  due  to  the  programmability  of  the  controller. 
Maintenance  control  ROM's  could  be  substituted  into  the  DSC  to  perform 
complete  fault  analysis  of  modules  for  highly  detailed  testing  if  needed. 
Readouts  included  in  such  a test  set  would  indicate  the  individual  testing  steps 
and  failure  points.  A special  test  input  is  selected  by  the  receiver  multi- 
plexer. The  first  module  is  tested  and  if  it  checks  out  succeeding  modules 
arc  tested.  Thus  the  first  'bad'  module  stops  the  test  as  inputs  are  not  valid 
for  succeeding  module  tests. 

This  method  was  clioaea  for  BIT  to  reduce  the  back  panel  wiring 
needed.  The  most  desirable  test  would  isolate  a module  and  send  inputs 
while  watching  the  modules  response.  This  is  impractical.  It  would 
require  a multiplexer  between  each  module,  thereby  degrading  reliability 
and  possibly  hampering  performance.  The  alternative  is  to  monitor  all  of  the 
intermodule  points  and  perform  an  ordered  test.  This  step-at-a. -time  testing 
depends  on  preceding  modules  to  supply  signals  to  modules  under  test. 

Repair  by  replacement  would  have  to  be  made  also  on  an  ordered 
step-at-a-time  basis.  A depot  test  unit  could  tie  to  the  data  bus  and  monitor 
the  complete  system.  A ROM  unit  could  take  over  control  and  step  the 
processor  through  various  functions  to  test  processor  elements  and  do  a 
complete  processor  te3t. 
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TABLE  41.  PRELIMINARY  INSTRUCTION  LIST 


Data  Transfer 

Load  Accumulator  - LA 

Load  Register  - LQ,  LI,  L2,  L3 

Load  Extended  - LAE,  LQE , LIE,  L2E , L3E 

Load  Right  Immediate  - LARI,  LIRI,  L2RI,  L3RI 

Load  Left  Immediate  - LALI,  LI  LI,  L2LI , L3LI 

Load  Extended  Immediate  - LAEI,  LQEI,  L1EI,  L2EI,  L3EI 

Load  Double  - LD 

Load  Double  Extended  - LDE 

Load  Multiple  - LM,  LMI 

Load  Multiple  Extended  - LME , LMIE 

Load  Selective  - LSEL 

Store  Accumulator  - STA 

Store  Register  - STQ,  ST1,  ST2,  ST3 

Store  Extended  - STAE,  STQE,  ST1E,  ST2E,  ST3E 

Store  Double  - STD 

Store  Double  Extended  - STDE 

Store  Multiple  - STM,  STMI 

Store  Multiple  Extended  - STME,  STMIE 

Store  Selective  - SSEL 

Exchange  A and  Q Registers  - XAQ 

Assign  - ASG 

Arithmetic  Instructions 
Add  - AA 

Add  Extended  - AAE 

Add  Double  - AD 

Add  Double  Extended  - ADE 

Add  Right  Immediate  - AAR  I,  A1RI,  A2RI,  A3RI 
Add  Extended  Immediate  - AAEI,  A1EI,  A2EI,  A3EI 
Add  Left  Immediate  - AALI 
Substract  - SA 


(Table  41,  continued) 


Subtract  Extended  - SAE 

Subtract  Double  - SD 

Subtract  Double  Extended  - SDE 

Multiply  - MA 

Multiply  Extended  - MAE 

Multiply  Extended  Immediate  - MAEI 

Divide  - DA 

Divide  Extended  - DAE 

Divide  Extended  Immediate  - DAEI 

Logical  Instructions 
And  - NA 

And  Extended  - NAE 

And  Extended  Immediate  - NAEI 

Or  - OA 

Or  Extended  - OAE 

Or  Extended  Immediate  - OAEI 

Compare  - CA 

Compare  Extended  - CAE 

Compare  Right  Immediate  - CARI 

Compare  Left  Immediate  - CALI 

Compare  Extended  Immediate  - CAEI 

Reset  Bit  - BIR 

Reset  Bit  Extended  - BIRE 

Set  Bit  - BIS 

Set  Bit  Extended  - BISE 

Test  Bit  - BIT 

Test  Bit  Extended  - BITE 

One's  Complement  - OCA 

One's  Complement  Double  - OCD 

Two's  Complement  - TCA 

Two-8  Complement  Double  - TCD 


(Table  41,  concluded) 

Absolute  Value  - ABSA 
Absolute  Value  Double  - ABSD 

Shift  Instructions 

Shift  Left  Logical  - SLLA 

Shift  Left  Logical  Double  - SLLD 

Shift  Left  Cyclic  - SLCA 

Shift  Left  Cyclic  Double  - SLCD 

Shift  Rigth  Logical  - SRLA 

Shift  Right  Logical  Double  - SRLD 

Shift  Right  Arithmetic  - SRAA 

Shift  Right  Arithmetic  Double  - SRAD 

Shift  Right  Cyclic  - SRCA 

Shift  Right  Cyclic  Double  - SRDC 

Branch  Instructions 

Branch  Indirect  - BI 
Branch  Relative  - BR 
Branch  Extended  - BE 

Branch  and  Link,  Indirect  - NALII,  BAL2I,  BAL3I 

Branch  and  Link  Extended  - BAL1E,  BAL2E,  BAL3E 

Branch  Conditionally,  Relative  - BEQR,  BNER,  BLTR,  BLER, 
BCTR,  BGET 

Branch  Conditionally,  Extended  - BEQE,  BNEE,  BLTE,  BLEE, 
BGTE , BGEE 

Branch  on  Count,  Relative  - BCT1R,  BCT2R,  BCT3R 
Branch  on  Count,  Extended  - BCT1E,  BCT2E,  BCT3E 


4. 6 Symbol  Generator  Design  Study 

The  purpose  of  this  section  is  to  identify  and  define  alternative 
approaches  to  the  design  of  the  in-raster  display  generator  and  to  select  and 
describe  the  approach  best  capable  of  meeting  the  design  requirements 
described  in  Section  2.  0.  Design  considerations  germane  to  the  display 
generation  requirements  are  reviewed  in  order  to  isolate  critical  performance 
parameters  that  will  narrow  the  choice  of  candidate  design  approaches. 
Trade-off  analysis  of  hardware  and  software  approaches  are  made  to  arrive 
at  the  recommended  symbol  generator  design. 

197 


The  approaches  considered  for  in-raster  symbol  generation  are 
restricted  to  all  digital  techniques.  The  selected  approach,  a programmable 
non-real  time  generator,  requires  a buffer  memory  and  controller.  The 

applicabihty  of  the  controller  described  in  Section  4.5  is  discussed  at  the  end 
of  this  tradeoff. 


4.6.  1 Tradeoff  Criteria 


A number  of  parameters  and  design  features  must  be  considered  in 
order  to  compare  and  evaluate  alternative  symbol  generating  techniques. 
Included  in  these  considerations  are  the  following: 

• Display  data  refresh 

• Speed 


Display  Capacity 

Display  Data/Raster  Synchronization 

Data  Word  Size 

Modularity 

Flexibility 

Reliability 

Size,  weight,  power  consumption 


4.6.2  Symbol  Generator  Trade-Off  Analysis 


To  provide  the  MMSDS  with  the  capability  to  display  symbolic  data 
l"_raster  enUlls  the  functions  shown  in  the  simplified  block  diagram, 

Figure  90.  These  functions  include  display  data  control  of  incoming  data 
from  various  avionics  subsystems,  digital-to-video  conversion  of  display 
defining  parameters,  and  finally,  raster  synchronized  transfer  of  video 
unblanking  signals  to  the  TV  raster  display. 


Figure  90.  In-raster  symbol  generator /display  system. 
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The  display  data  controller  function  includes  data  buffering  and 
sampling  of  input  data,  code  conversion  of  input  data  words,  coordinate  con- 
version and  formatting  of  real  world  input  data  into  display  coordinate  data, 
storage  of  display  field  formats  by  display  mode,  ordering  and  listing  of  dis- 
play  defining  data,  and  control  of  data  transfers  and  processing  of  data . 


The  digital-to- video  (D-V)  conversion  function  operates  upon  display 

defining  data  (e.  g.  , symbol  type,  size,  position,  intensity,  etc.  ) and  pro- 
duces TV  video  unblanking  signals.  This  D-V  conversion  process  may  be 
accomplished  by  digital  hardware,  computer  software,  or  a combination  of 
both.  The  D-V  conversion  process  can  be  performed  at  real-time  rates  by 
generating  unblanking  video  directly  in  synchronism  with  the  TV  raster.  As 
an  alternative,  a digital  video  bit  memory  of  the  whole  display  data  field  (a 
refresh  memory)  may  be  utilized  to  allow  non-real  time,  random  sequence 
processing  and  loading  of  display  data  into  video  memory  which  is  then  read 
out  at  real-time  raster  rates.  The  symbol  generation  alternatives  that  may 
be  analyzed  include  variations  and  combinations  of  real  time  or  non-real 
time  symbol  generation  mechanized  by  hardware  and/or  software  techniques. 


Real  time  hardware  symbol  generation  is  a possible  symbol  generation 
approach.  However,  software  generation  of  symbol  data,  at  £eal  time  rates 
would  req„irc  very  high  speed  multiproce.eor  , that  may  be  marginaT  under 
h l dynamic  condition..  Thi.  approach  ha.  been  excluded 

' ™ 'h'  trade-off  analyst..  The  non-real  time  hardware  technique  which 
employs  a field  refresh  memorv  constitutes  a very  feasible  approach  to  sym- 
r°ii8a.neratl°n  for  the  MMSDS  and  is  included  in  the  trade  analysis.  A non- 
^ (firmware)  approach  using  a field  refresh  memory 

T.  b.a81.c  8y™b°l  generation  approach  that  is  included  in  the  following 

trade  off  analysis.  Firmware  implies  programs  stored  in  ROMS.  ) 

Real  Time  Hardware  Symbol  Generation 


impn/t”*1  time  hardware  symbol  generator  approach  suitable  for  the 
MMSDS  shown  in  Figure  91.  The  symbol  generator  consists  of  a number  of 
dedicated  hardware  modules,  operating  in  parallel,  at  real-time  raster  rates 
to  provide  synchronized  unblanking  video  for  the  TV  indicator.  In  addition  to 
the  symbol  generating  module!,  the  symbol  generator  includes  a display  data 
controller,  an  interface  data  buffer,  an  address  decode  function,  timing  and 
control,  and  mode  control.  The  display  controller  accepts  serial  data  from 
the  avionics  interface,  and  performs  data  conversion  and  formatting  opera- 
tions to  provide  display  defining  parameter  data  for  the  various  symbol  gener 
ating  modules.  Display  data  words  are  fed  to  the  modules  as  required  to 
initialize  the  digital  logic  circuits  of  the  symbol  generating  modules.  Paral- 
lel word  video  data  is  mixed  and  serially  shifted  at  TV  line  element  rate  to 
form  bit  video.  Mode  control  establishes  the  avionics  data  required  for  dis- 
play. Also,  certain  programmable  functions  such  as  presets,  logic  scaling, 
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Figure  91.  Realtime,  hardware 
symbol  generator. 

*tc"  ' *re  derived  from  mode  control.  Module  functions  are  synchronized  by 
field,  line,  and  raster  element  synchronization  signals  received  from  timing 
and  control.  6 


The  real  time,  hardware  mechanized  symbol  generator  is  configured 
to  be  responsive  to  the  general  requirements  implied  by  the  symbol  display 
in  Figure  92.  (Derived  in  Section  2.  4.  ) The  number  of  module  types  is 
determined  by  the  different  types  of  display  data  that  are  to  be  displayed. 

The  number  of  modules  required  of  any  particular  type  is  dependent  upon  the 
worse-case  display  mode  requirement  for  the  particular  type  of  data  to  be 
generated  for  presentation.  The  types  of  display  data  (characters,  symbols, 
lines,  tapes,  etc.  ) to  be  displayed  is  derived  from  Section  2.4  and  the  repre- 
sentative electronic  display  data  graphics  specified  in  MIL-STD-884B  and 
MIL-D-81641(AS)  specification. 

The  complexity  of  this  approach  is  a function  of  the  amount  of 
symbology  required.  The  baseline  assumption  is  to  provide  the  symbology 
in  Figure  92.  The  IC  count  for  real  time,  in  raster  symbol  generator 
mechanization  as  shown  in  Table  42.  The  numbers  shown  in  parenthesis 
indicate  the  number  of  functions  included  in  the  IC  count.  The  hardware 
complexity  estimate  applies  to  the  mechanization  required  to  implement 
real  time,  in-raster  symbol  generation  for  an  875  line  TV  raster  format 
The  IC  count  is  higher  if  a 525  line  or  1023  TV  mode  of  operation  is  also 
included. 
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Figure  92.  Symbology  for  advanced 
system  application. 


TABLE  42.  IC  COUNT  - REAL  TIME  HARDWARE  SYMBOL  GENERATOR 


Function 

I/O  Controller 
Mode  Control 
Timing  and  Control 
V ideo  Mix 

Pitch  Ladder  Generator 
Moving  Tape  Generator 
Slewable  H&V  Line  Generator 
Discrete  Symbol  Generator 
Diagonal  Line  Generator 
Vector  Line  Generator 


Number 
of  IC's 


200  (5  symbols) 
26  (2) 

32  (2) 

24  (2) 


The  real  time,  hardware  approach  to  in- raster  symbol  generation  1 
limited  flexibility.  Since  hard-wired  logic,  ROMs,  shift  registers,  etc.  , 
used,  accommodation  to  raster  standard  change  is  poor  in  that  additional 
hardware  is  required  for  alternate  raster  standard  operation.  For  change 
in  symbology,  the  ROM(s)  used  to  store  symbol  unblanking  patterns  would 
have  to  be  reprogrammed  or  changed.  For  other,  more  complex  types  of 
changes  in  display  data  (e.g. , vectors,  tapes),  logic  changes  would  be 
required.  Programmability  is  limited  and  is  only  available  at  the  expense 
of  increased  hardware  complexity. 


Non-Real  Time,  Hardware  Symbol  Generator 


The  non-real  time,  hardware  approach  to  in-raster  symbol  gener: 
is  shown  functionally  in  Figure  93.  The  display  data  controller  functions 
are  virtually  identical  to  that  of  the  real  time  hardware  symbol  generator 
However,  the  digital-tc- video  process  is  different.  The  non-real  time  sy 
bol  generator  employs  a full  field,  bit  video  refresh  memory.  The  use  of 
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Figure  93.  Non-real  time,  hardware  symbol  generator 
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TABLE  43.  IC  COUNT  - NON-REAL  TIME  HARDWARE 
SYMBOL  GENERATOR 


Function 

I/O  Controller 
Mode  Control 
Timing  and  Control 
Pitch  Ladder  Generator 
Moving  Tape  Generator 
Vector  Line  Generator 
Discrete  Symbol  Generator 
Input  Format  Logic 
Field  Refresh  Memory 
Output  Format  Logic 

Total 


Number 
of  IC's 
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CONTROL  DffINING 
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Figure  94.  Programmable  in-raster  symbol  generator. 

. • Th*  di/play  generator  operates  upon  display  parameter  defining  data 
that  is  in  the  form  of  direction  codes  of  a predefined  length.  Display  data 
output  of  the  display  generator  in  raster  coordinates  is  formatted  into  memory 
address  data  for  loading  into  the  field  refresh  memory.  Output  format  Ionic 
under  timing  and  control  of  the  programmable  controller  is  used  to  read  out 
memory  at  real  time  raster  rates.  D/A  conversion  of  the  output 
Ox  the  display  generator  may  be  used  to  generate  stroke  symbology. 
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Due  to  the  inherent  flexibility  of  firmware,  changes  in  symbol  data  and 
raster  standards  are  easily  accommodated.  Changes  in  symbol  library, 
symbol  font  detail,  or  symbol  size  require  only  changes  in  micro  programs. 

A change  in  raster  standard,  from  875  lines  to  525  lines,  can  be  easily 
accommodated  by  rescaling  the  length  of  the  line  segments  used  to  develop 
symbols.  It  is  evident,  then,  that  firmward  flexibility  also  provides  excel- 
lent growth  capability  of  the  symbol  generator.  Within  the  constraints  of 
display  list  memory  capabity  and  available  refresh,  memory  write  time,  the 
symbol  generator  can  accommodate  symbol  library  additions,  alternate 
display  field  formats,  and  new  generic  classes  of  display  data  such  as  conics. 

The  mechanization  complexity  of  the  programmable  symbol  generator 
in  terms  of  an  IC  count  is  estimated  as  shown  in  Table  44.  It  is  seen  that 
this  IC  count  is  lower  than  either  hardware  approach  to  symbol  generation 
whiie  offering  the  inherent  advantages  of  superior  flexibility.  It  should  be 
noted  that  the  IC  count  for  this  approach  is  not  affected  by  the  uantity  of 
symbology.  The  complexity  of  the  other  two  approahces  varies  with  the 
number  and  type  of  symbology.  Therefore  as  the  number  of  symbols  ulti- 
mately employed  increases  the  programmable  symbol  generator  becomes 
even  more  attractive. 

TABLE  44.  IC  COUNT  - PROGRAMMABLE  SYMBOL  GENERATOR 
Function Number  ofIC's 


Programmable  Controller 

89 

Symbol  List  Decoder 

75 

Symbol  Chain  Generator 

62 

Input  Format  Logic 

40 

Refresh  Memory 

48 

Output  Format  Logic 

18 

Total 

332 

Trade  Off  Summary 

A summary  of  the  symbol  generator  trade  off  analysis  is  presented 
in  Table  45.  As  is  evident  from  the  table,  the  software  programmable 
approach  has  distinct  advantage  over  the  alternate  hardware  approaches. 

Its  main  advantage  is  its  programmability,  flexibility,  and  accommodation 
to  growth,  change,  and  increased  capabilities. 

As  a result  of  the  trade  off  analysis  of  in-raster  symbol  generator 
techniques,  the  programmable  symbol  generator  is  recommended  for  fulfill- 
ing symbol  generator  requirements  of  the  MMSDS.  The  programmable 

symbol  generator  mechanization  is  described  in  more  detail  in  Volume  II 
Section  2. 
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TABLE  45.  IN-RASTER  SYMBOL  GE 


10,  000  hrs.  in  LSI  8 D,gltal)  High  (All  Digital) 

Configuration) 


T 


4.  6.  3 Symbol  Generator  Controller 

The  controller  described  in  Section  4.5  can  also  be  used  to  provide 
the  symbol  generator  control  function.  However,  the  symbol  generator  con- 
troller requires  more  memory  than  the  DSC  controller.  Storage  is  required 
for  an  executive  program,  a display  generating  program,  two  temporary 
storage  display  lists,  and  a set  of  utility  routines.  The  total  storage  req uired 
is  about  8K  by  16  bits.  Of  this,  4K  by  16  must  be  RAM  and  the  other  4K  would 
be  ROM.  Two  thousand  words  of  the  RAM  are  needed  to  store  the  new  display 
list  as  it  is  being  built  up  by  the  display  generating  program.  The  other  2K 
by  16  contains  the  previous  frame  display  list  and  is  read  out  to  the  symbol 
chain  generator  while  the  new  display  list  is  being  generated.  Readout 
alternates  at  about  a 20  Hz  rate  between  the  two  2K  by  16  RAMS.  Figure  95 
illustrates  the  memory  required. 
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ROM  RAM 

Figure  95.  Symbol  generator  controller 
memory  requirements. 

The  program  generates  an  entirely  new  display  at  about  a 20  Hertz 
rate.  Thus  for  a display  frame  rate  of  60  Hz,  the  readout  display  list  would 
be  successively  read  three  times  while  a new  symbol  list  is  being  generated 
and  stored.  That  is,  the  actual  update  time  for  a symbol  on  the  display  is 
50  ms. 

Figure  96  lists  the  utility  routines  which  are  called  by  the  display 
generating  program  to  build  a display  list.  These  routines  require  IK  bv 
16  bits  of  ROM. 

Studies  and  laboratory  evaluations  have  indicated  that  in  racter  symbol 
quality  is  significantly  improved  with  multiple  gray  shade  encoding.  The  brute 
force  technique  for  providing  this  capability,  would  substantially  increase  the 
symbol  refresh  memory  in  Figure  94,  Special  coding  techniques  may  provide 
the  desired  improvement  without  resorting  to  excessive  memory  size  increases. 
It  is,  however,  beyond  the  scope  of  this  study  to  pursue  the  design  of  such 
techniques. 
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Figure  96.  Utility  routine 
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